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MIXED-MODE  ARITHMETIC  MACROS  FOR  STARAN 

E.  P.  Stabler 
J.  Hsu 

Syracuse  University 

Foreward 

The  macros  in  this  manual  utilize  the  mixed  mode  facility  of  STARAN 
to  achieve  faster  arithmetic  speed.  The  basic  process  involves  doing  arithmetic 
on  all  the  bits  of  the  selected  operands  instead  of  a signle  bit  at  a time  as 
in  the  bit  serial  case.  The  average  times  for  doing  the  basic  arithmetic 
operations  are  shown  in  chapter  3.  About  a 2:1  improvement  in  add/subtract 
time  is  achieved.  A mixed  mode  multiply  takes  about  1/4  the  time  of  the  bit 
serial  version  and  mixed  mode  divide  about  2/3  the  time  of  bit  serial. 

^ In  order  to  use  these  routines  the  programmer  need  know  very  little  about 
their  operation.  He  is  free  to  intersperse  bit  serial  and  mixed  mode  routines 
in  his  program.  In  order  to  do  this  he  should  read  chapter  1 and  the  beginning 
of  chapter  2 which  describe  the  alternate  addressing  for  the  two  modes.  The 
description  of  each  macro  Includes  a memory  map  which  indicates  clearly  which 
words  are  selected  and  altered  by  the  routine  operating  with  mixed  mode  addressing. 
The  program  INIT  should  be  executed  prior  to  any  mixed  mode  arithmetic.  It 
creates  various  constants  which  are  needed  in  the  arithmetic  routines. 
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CHAPTER  1 


Introduction  to  the  Mixed  Mode 


The  associative  arrays  are  the  heart  of  the  STARAN  S system.  There  may 
be  a maximum  of  32  arrays*  In  one  system.  Each  associative  array  con- 
tains a multidimensional-access  (MDA)  memory  with  2^^  bits  of  storage 
and  three  response-store  registers  X,  Y,  and  M (Mask)  register.  The 
response-store  registers  in  each  array  allow  array  data  to  be  searched, 
restructured,  and  processed  at  a fast  rate,  256  bits  at  a time.  The 
array  memory  is  arranged  in  a 256-bit  by  256-bit  square.  In  a standard 
STARAN'S  system,  the  MDA  memories  in  the  arrays  can  be  accessed  either 
the  vertical  (bit-slice  mode)  or  horizontal  (word  mode)  direction  and 
with  a maximum  of  256  bits  transferred  in  a single  operation.  The  address 
mode  register  (AMR)  option  allows  access  to  the  MDA  memories  in  other  modes 
as  well.  The  other  modes  are  intermediate  to  the  bit-slice  mode  and  the 
word  mode  since  they  access  some  bits  of  some  words  and  are  called  mixed 
modes. 

When  an  MDA  memory  is  accessed,  the  program  specifies  two  8-bit  bytes: 
an  address  A and  a mode  constant  Z.  The  mode  constant  Z selects  a 
certain  pattern  or  stencil  of  256  bits  and  the  address  A positions  the 
stencil  over  the  memory,  selecting  256  memory  bits  for  access.  The 
address  A is  either  specified  directly  in  bit  8-15  of  an  associative 
machine  instruction  or  specified  indirectly  as  the  contents  of  field 
pointers  FPl,  FP2  or  FP3.  The  mode  constant  Z is  always  specified 
indirectly  as  the  contents  of  address  mode  register,  AMRO  or  AMRl. 

Let  Tj^  refer  to  the  kth  bit  of  the  transferred  data  where  k is  any 
8-bit  byte  and  Sy  j refers  to  the  Ith  bit  of  the  Jth  word  where  I 
and  J are  8-bit  bytes.  Given  an  address  A,  and  a mode  constant  Z, 
the  association  is 

\ %(Z,A,K),ip(Z,K,A) 

where  i<*(Z,X,Y)  = C^Z  a X)  v(Z  a Y) 

Some  special  cases  of  the  mixed  mode  are  needed  in  the  arithmetic 
and  search  operations. 

(1)  Mode  X'OO'  (Bit  slice  mode) 

Z *=  00000000 

then  ij;(Z,A,K)  = A 
i|)(Z,K,A)  = K 

so  the  association  becomes 

T ■*-*■  S 
K A,K 

(2)  Mode  X’FF’  (Word  Mode) 

Z *=  11111111 


In  the  RADCAP  system,  there  are  only  A arrays  connected. 
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(3) 


then  ij((Z,A,K)  = K 
ij;(Z,K,A)  = A 

80  the  association  becomes 

T -*->  S 
k K,A 

Mode  X'lF'  (Mixed  Mode  Mod-32) 

Z = 00011111 

Let  B be  the  leftmost  3 bits  of  an  8-blt  address  A and  let  C be  the 
rightmost  5 bits  of  A.  Similarly,  let  L be  the  leftmost  3 bits  of 
an  8-bit  line  inde: , K,  and  let  M be  the  rightmost  5 bits  of  K.  Then 

t|;(Z,A,K)  = BM 
i|;(Z,K,A)  = LC 

so  the  association  becomes 

T S 

LM  BM,LC 

(4)  Mode  X'3F'  (Mixed  Mode  Mod-64) 

Z = 00111111 

Let  B be  the  leftmost  2 bits  of  an  8-bit  address  A and  let  C be 
the  rightmost  6 bits  of  A.  Similarly,  let  L be  the  leftmost  2 
bits  of  an  8-bit  line  index,  K,  and  let  M be  the  rightmost  6 bits 
of  K.  Then 

i|)(Z,A,K)  = BM 

iKZ,K,A)  = LC 

so  the  association  becomes 

T ■*-*■  S 
LM  BM,LC 


14-1-2 


CHAPTER  2 


Mixed  Mode  Arithmetic  and  Search  Instructions 


General  The  Instructions  discussed  In  this  chapter  are  additional 

APPLE  assembler  mnemonics.  They  are  Implemented  as  macros 
in  the  MACRO/aPPLE  system.  The  language  syntax  and  state- 
ment format  rules  of  the  APPLE  assembler  apply  to  these  in- 
structions. For  detailed  discussion,  see  APPLE  programming 
manual  and  MACRO  programming  manual. 


Address  Scheme 
of  Mixed  Mode 

Mod-32 The  mixed  mode  mod-32  segments  each  of  the  selected  associ- 

ative memory  modules  into  eight  sections,  as  shown  in  Fig. 
2-1.  Each  section  consists  of  32  by  256  bits  memory  and 
32  bits  response  store  registers  M(i),  X(i)  and  Y(i),  where 
1 *=  0 7.  The  address  will  select  a 32-bit  word  from  each 

section  simultaneously.  Figure  2-2  shows  the  address  scheme 
of  a section  in  the  selected  arrays. 

For  example,  if  under  the  mixed  mode  mod-32,  the  address  is 
A,  then  every  32-bit  word  mod-32  with  number  A in  every 
section  is  selected. 


I 

i 


Fig.  2-2b  Address  Scheme  in  a Section  of  Mod-3& 
(Decimal) 


Address  Scheme 
of  Mixed  Mode 
Mod-64 


The  Mixed  Mode  Mode-64  segments  the  selected  associative 
memory  modules  Into  four  sections  which  is  shown  In  Fig. 
2-3.  Each  section  consists  of  64  by  256  bits  memory  and 
64  bits  response  store  registers  M(l),  X(i)  and  Y(l), 
where  1 = 0 3.  The  address  will  select  a 64-bit  word 

from  each  section  simultaneously.  Figure  2-4  shows  the 
address  scheme  of  a section  in  the  selected  arrays.  For 
example,  If  under  the  mixed  mode  mode-64  the  address  Is  3 
then  the  64-blt  word  mod-64  number  3 in  each  section  is 
selected. 
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Introduction  to 
the  Mixed 

Mode  Routines  This  group  of  associative  instruction  allows  the 


programmer  to  perform  arithmetic  and  search  operations 
between  associative  memory  words  in  mixed  mode  Mode-32/64 
r'  and  between  Common  register  with  associative  memory  words 

) in  mixed  mode  Mod-32/64. 

« 

This  group  of  instructions  will  operate  on  those  associ- 
ative memory  modules  (including  response  store  registers) 
enabled  via  the  Array  Select  register  (AS). 

Each  instruction  is  Implemented  as  a macro  routine. 

Within  the  routine,  FLl  is  not  used,  therefore,  each 
of  these  Instructions  can  be  called  within  either  an 
LOOP  or  a RPT  instruction. 

The  address  mode  register  (AMR)  is  reset  to  the  standard 
mode  at  the  end  of  each  instruction  operations,  so,  the 
user  can  use  this  gorup  of  instructions  with  the  standard 
APPLE  instructions  without  considering  the  change  of 
modes . 

1 

I The  mask  response  register  M in  each  section  must  be 

either  all  set  to  I's  or  all  set  to  O's.  When  the  M 
register  is  set  to  I's,  this  section  will  participate 
in  the  operation,  otherwise,  it  won't. 


INIT 


FORMAT 

‘Label 

•Command 

•Argument 

Note 


Initiator  of  the  mixed  mode  operations. 

This  Instruction  will  load  all  the  data  which  are 
required  In  utilizing  the  mixed  mode  operations  In 
every  array  selected  by  the  Array  Select  register(AS) . 


Label 

Command 

Argument 

Symbol 

INIT 

Blank 

Any  valid  symbol  or  blank. 

INIT 

Blank 

The  response  store  register  X Is  used. 
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Mixed  Mode 
Operations 
Initiator 


This  Instruction  will  load  the  necessary  data  In 
the  associative  array  selected  to  utilize  the  mixed 
mode  operations. 


Mnemonic 

Function 

INIT 

Initiator  of  the  Mixed  Mode  Operations. 

Note  The  array  words  mod-32  addresses  from  X'F4'  to  X'FF' 

are  used  for  temporatory  storage  in  some  of  the  mixed 
mode  instruction.  The  instruction  INIT  generates  the 
required  data  before  the  mixed  mode  instructions  are 
called,  and  the  user  programs  should  not  alter  the 
data  in  X'F4'  through  X'FF'. 


Mixed  Mode 
ADDITION  and 
SUBTRACTION 
Instructions 


i', 

I 


This  group  of  instructions  allows  the  programmer  to 
perform  arithmetic  addition  and  subtraction  between 
words  mod-32,  and  between  the  Common  register  with 
words  mod-32.  The  most  significant  bits  of  all  words 
mOd-32  are  considered  to  be  the  sign  bits. 


Mnemonic 

Function 

ADWM 

ADWMA* 

Add  Array  Words  Mod-32  to  Array 

Words  Mod-32  In  Mixed  Mode. 

ADCM 

ADCMA* 

Add  Common  Register  to  Array  Words 
Mod-32  In  Mixed  Mode. 

SUBUM 

SUBWMA* 

Subtract  Array  Words  Mod-32  From 

Array  Words  Mod-32  In  Mixed  Mode. 

SUBCM 

SUBCMA* 

Subtract  Common  Register  From  Array 
Words  Mode-32  In  Mixed  Mode. 

In  the  "a"  version  of  each  of  these  routines  the 
field  pointer  registers  are  loaded  by  the  macro. 
In  the  other  version,  the  programmer  must  preload 
the  field  pointer  registers. 


ADWM 


Add  Array  Words  Mod-32  to  Array  Words  Mod-32  In 
Mixed  Mode  (Fixed-Point) 


This  Instruction  will  add  words  mod-32  pointed  to 
by  FP3  to  the  words  mod-32  pointed  to  by  FPl  and 
store  the  resultant  sums  Into  the  words  mod-32 
pointed  to  by  FP2.  The  addresses  are  based  on  the 
Mixed  Mode  Mod-32,  as  shown  in  Fig.  2-1  and  Fig.  2-2, 
Only  those  associative  sections  whose  M response 
store  bits  are  set  to  I's  will  participate  in  this 


instruction.  Only  those  associative  memory  modules 
which  are  selected  by  the  Array  Select  register  (AS) 
will  participate  in  this  instruction. 

Format 

Label  Command  Argument 

Symbol  ADWM  Blank 

. Label 

Any  valid  symbol  or  blank. 

. Command 

ADWM 

. Argument 

Blank 

Notes 

(1)  The  response  store  registers  X and  Y in  the 
associative  memory  modules  which  are  selected 
by  the  Array  Select  register  (AS)  are  used  in 
this  instruction. 

(2)  The  associative  array  address  X'FB'  in  the 

sections  which  participate  in  this  instruction 
must  be  preset  to  X' 7FFF  FFFF'  and  this  address 
can  not  be  used  as  an  operand. 

(3)  The  addresses  of  FPl,  FP2,  and  FP3  can  have 
the  same  values. 

(4)  Before  this  instruction  is  called,  the  registers 

AS,  M,  FPl,  FP2  and  FP3  must  be  set  properly. 

Example: 

Assume  AS  = X* 80000000' 

FP3  = X'03' 

FPl  = X'15' 

FP2  = X'lE'  and  M is  as  shown  in  the  tables 
then  the  instruction  ADWM  has  the  effect  as  shown 

In  the  following  tables. 
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This  instruction  has  the  following  operations: 

(1)  In  Section  0,  19  + 34  •=  53 

(2)  In  Section  1>  no  operation 

(3)  In  Section  2,  no  operation 

(4)  In  Section  3,  6 + -29*=-23 

(5)  In  Section  4,  -10  + 18  •»  8 

(6)  In  Section  5,  -13  + - 3 = - 16 

(7)  In  Section  6,  no  operation 

(8)  In  Section  7,  28  + 158  = 186 

Note  that  the  array  memory  locations  which  are  not 
shown  or  are  left  blank  are  not  changed. 

r 


1 

I 


I 
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ADWMA 


Add  Array  Words  Mod*32  Array  Words  Mod-32  In  Mixed 
Mode  (Fixed-Point) 


This  Instruction  will  add  words  mod-32  pointed  to 
by  S]^  to  the  words  mod-32  pointed  to  by  a2  and  store 
the  resultant  sums  Into  the  words  mod-32  pointed  to 
by  03.  The  addresses  are  based  on  the  mixed  mode 
■od-32,  as  shown  In  Fig.  2-1  and  Fig.  2-2.  Only 
those  associative  sections  whose  M response  store  register 
are  set  to  I's  will  participate  In  this  Instruction. 

Only  those  associative  memory  modules  which  are  se- 
lected by  the  Array  Select  register  (AS)  will  partici- 
pate In  this  Instruction. 


Format 

Label 

Command 

Argument 

Symbol 

ADWMA 

®1*®2’®3 

Label  Any  valid  symbol  or  blank. 


Command  ADWMA 

Argument  Three  entries  are  required.  The  first  entry  points 

to  the  words  mod-32  which  are  the  addends.  The  second 
entry  points  to  the  words  mod-32  which  are  the  adders. 
The  third  entry  points  to  the  words  mod-32  which  are 
the  Bums  of  the  addends  and  the  adders. 


•l**2**3 

and  a^  are  the  numbers  between  0 and  255. 

Notes 

(1) 

This  Instruction  Is  the  same  as  the  Instruction 
ADWM,  except  that  It  loads  the  arguments  to  the 
field  pointers. 

(2) 

The  response  store  registers  X and  Y In  the 
associative  memory  modules  which  are  selected 
by  the  AS  register  are  used  In  this  instruction. 

(3) 

The  associative  array  address  X'FB’  In  the 
sections  which  participate  In  this  Instruction 
must  be  preset  to  X'7FFF  FFFF*  and  this  address 
cannot  be  used  as  an  operand. 

(4) 

The  addresses  of  a. iS^  and  a,  can  have  the  same 
values.  ^ ^ ^ 

(5) 

Before  the  Instruction  Is  called,  the  registers 
AS  and  M must  be  set  properly. 

(6) 

The  field  pointers  FPl,  FP2  and  FP3  are  used. 

ADCM 


Add  Common  Register  to  Array  Words  Mod-32  In  Mixed 
Mode  (Fixed-Point) 


: f 
t ! 


i 


it- 


This  instruction  will  add  the  32-blt  Common  register 
to  the  words  mod-32  pointed  to  by  FP3  and  store  the 
resultant  sums  Into  words  mod-32  pointed  to  by  FP2. 

The  addresses  are  based  on  the  mixed  mode  mod-32,  as 
shown  In  Fig.  2-1  and  Fig.  2-2.  Only  those  associative 
sections  whose  M response  store  bits  are  set  will 
participate  In  this  Instruction.  Only  those  associative 
memory  modules  which  are  selected  by  the  Array  Select 
register  (AS)  will  participate  in  this  Instruction. 


Format 

Label 

1 Command 

Argument 

Symbol 

1 ADCM  1 

Blank 

. Label 

Any  valid 

symbol  or  blank. 

. Command 

ADCM 

. Argument 

Blank 

Notes 


(1)  The  response  store  registers  X and  Y In  the 
associative  memory  modules  selected  by  the 
Array  Select  register  (AS)  are  used. 

(2)  The  associative  array  address  X'FB'  in  the 
sections  which  participate  in  this  instruction 
must  be  preset  to  X’7FFF  FFFF*  and  this  address 
can  not  be  used  as  an  operand. 

(3)  The  address  of  FP3  and  FP2  can  have  the  same 
values . 

(4)  Before  this  instruction  is  called,  the  registers  AS, 
M,  FP2  and  FP3  must  be  set  properly. 


Example:  Assume  AS  •>  X'8000  0000' 

FP3  = X'06' 

FP2  = X'lC 

C *=  X'OOOO  0009'  and  M is  as  shown  in  the 
tables  then  the  instruction  ADCM  has  the  effect  as 
shown  in  the  following  tables. 

This  Instruction  has  the  following  operations: 


(1) 

In 

Section 

0, 

28  + 9 = 37 

(2) 

In 

Section 

1. 

no  operation 

(3) 

In 

Section 

2. 

no  operation 

(A) 

In 

Section 

3, 

-46  + 9 = -37 

(5) 

In 

Section 

4, 

34  + 9 = 43 

(6) 

In 

Section 

5. 

no  operation 

(7) 

In 

Section 

6. 

-5+9=4 

(8) 

In 

Section 

7. 

13  + 9 = 22 

Mote 

that  those 

memory  locatlcns  which  are  not  shown 

or  are  left  blank  are  not  changed. 


'! 

I 

'i 

i 
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ADCMA 


Add  Common  Register  to  Array  Words  Mod- 32  In  Mixed 
Mode  (Fixed-Point) 


i 


This  Instruction  will  add  the  32-blt  Common  register  to 
the  words  mod-32  pointed  to  hf  a.,  and  store  the  result- 
ant sums  Into  words  mod-32  pointed  to  by  a^.  The  add- 
resses are  based  on  the  mixed  mode  mod-32,  as  shown  In 
Fig.  2-1  and  Fig.  2-2.  Only  those  associative  sections 
whose  M response  store  bits  are  set  will  participate  In 
this  Instruction.  Only  those  associative  memory  modules 
which  are  selected  by  the  Array  Select  register  (AS) 
will  participate  In  this  Instruction. 


Format 

Label 

Command 

Argument 

Symbol 

ADCMA 

. Label  Any  valid  symbol  or  blank. 


. Command  ADCMA 

. Argument  two  entries  are  required.  The  first  entry  points  to 

the  words  mod-32  which  are  the  addends.  The  second 
entry  points  to  the  words  mod-32  which  are  the  sums  of 
the  addends  and  the  Common  register. 

..  ^2  numbers  between  0 and  255. 

Motes  (1)  This  Instruction  Is  the  same  as  the  instruction 

ADCM,  except  that  It  loads  the  arguments  to  the 
field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(3)  The  associative  array  address  X'FB'  In  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF'  end  this  address  can  not  be 
used  as  an  operand. 

(4)  The  addresses  of  a^^  and  have  the  same 

values. 

(5)  Before  this  Instruction  is  railed,  the  registers 
AS  and  M must  be  set  properly. 

(6)  The  field  pointers  FF3  and  FPl  are  used. 


SUBWM 


Format 

. Label 
. Command 
. Argument 
Notes 


Example 


Subtract  Array  Words  Mod-32  From  Array  Words  Mod-32 
In  Mixed  Mode  (Fixed-Point) 

This  Instruction  will  subtract  the  words  mod-32  pointed 
to  by  FPl  from  the  words  mod-32  pointed  to  by  FP3  and 
store  the  resultant  differences  into  the  words  mod-32 
pointed  to  by  FP2.  The  addresses  are  based  on  the  mixed 
mode  mod-32,  as  shown  in  Fig.  2-1  and  Fig.  2-2.  Only 
those  associative  sections  whose  M response  store  bits 
are  set  will  participate  in  this  instruction.  Only 
those  associative  memory  modules  which  are  selected  by 
the  Array  Select  register  (AS)  will  participate  in 
this  instruction. 


Label 

Command 

Argument 

Symbol 

SUBWI 

Blank 

Any  valid  symbol  or  blank. 

SUBWM 

Blank 

(1)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(2)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X’7FFF  FFFF'  and  this  address  can  not  be 
used  as  an  operand. 

(3)  The  addresses  of  FPl,  FP2  and  FP3  can  have  the 
same  values. 

(4)  Before  this  Instruction  is  called,  the  registers 
AS,  M,  FPl,  FP2  and  FP3  must  be  set  properly. 

Assume  AS  = X' 80000000' 

FP3  " X'03' 

FPl  = X'09' 

FP2  = X'OC 

and  M is  as  shown  in  the  tables,  then  the  instruction 

SUBWM  has  the  effect  as  shown  in  the  following  tables. 

This  instruction  has  the  following  operations: 

(1)  In  Section  0,  39  - 12  = 27 

(2)  In  Section  1,  63  - 10  = 73 

(3)  In  Section  2,  no  operation 

(4)  In  Section  3,  -14  - 4 = -18 
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(5)  In  Section  4,  -13  - ”2  ■ -11 

(6)  In  Section  5,  no  operation 

(7)  In  Section  6,  -10  - "24  «=  14 

(8)  In  Section  7,  no  operation 

Note  that  those  associative  memory  locations  which  are 
not  shown  or  are  left  blank  are  not  changed. 


SUBWHA 


Subtract  Array  Words  Mod-32  From  Array  Words  Mod-32 
In  Mixed  Mode  (Fixed-Point) 


This  Instruction  will  subtract  the  words  iiJod-32  pointed 
to  by  aj  from  the  words  mod-32  pointed  to  by  a.  and  store 
the  resultant  differences  into  the  words  mod-32  pointed 
to  by  a^.  The  addresses  are  based  on  the  mixed  mode 
mod-32,  as  shown  in  the  Fig.  2-1,  and  Fig.  2-2.  Only 
those  associative  sections  whose  M response  store 
bits  are  set  to  I's  will  participate  in  this  Instruction. 
Only  those  associative  memory  modules  which  are  select- 
ed by  the  Array  Select  register  (AS)  will  participate 
in  this  instruction. 


Format 

Label 

1 Command 

Argument 

Symbol 

1 SUBWMA 

r h’trli 

. Label 

Any  valid  symbol 

or  blank. 

. Command 

SUBWMA 

. Argument  Three  entries  are  required.  The  first  entry  points  to 

the  words  mod-32  which  are  the  minuends.  The  second 
entry  points  to  the  words  mod-32  which  are  the  sub- 
trahends. The  third  entry  points  to  the  words  mod-32 
which  are  the  differences  of  the  minuends  subtract  the 
subtrahends . 


®1’®2’®3 


^1*  ^2’  ^3  numbers  between  0 and  255. 


Notes 


(1)  This  instruction  is  the  same  as  the  instruction 
SUBWM  except  that  it  loads  the  arguments  to  the 
full  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(3)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X’7FFF  FFFF'  and  this  address  can  not  be 
used  as  an  operand. 

(4)  The  addresses  of  a^^,  & and  a^  can  have  the  same 
values . 

(5)  Before  this  Instruction  is  called,  the  registers 
AS  and  M must  be  set  properly. 

(6)  The  field  pointers  FPl,  FP2,  and  FP3  are  used. 


J 


SUBCH 


Format 

. Ubel 
. Command 
• Argument 
Hotes 


Example: 


Subtract  Common  Register  From  Array  Words  Mod-32  In 
Mixed  Mode  (Fixed-Point) 

This  instruction  will  subtract  the  32-bit  Connnon  Register 
from  the  words  mod-32  pointed  to  by  FP3  and  store  the 
resultant  differences  into  the  words  m6d-32  pointed  to 
by  FP2.  The  addresses  are  based  on  the  mixed  mode 
mod-32,  as  shown  in  Fig.  2-1  and  Fig.  2-2.  Only  those 
associative  sections  whose  M response  store  bits  are 
set  to  I's  will  participate  in  this  Instruction.  Only 
those  associative  memory  modules  which  are  selected 
by  the  Array  Select  register  (AS)  will  participate  in 
this  instruction. 


Label 

Command 

Arugment 

Symbol 

SUBCM 

Blank 

Any  valid  symbol  or  blank. 

SUBCM 

Blank 

(1)  The  response  store  registers  X and  Y in  the 
associative  memory  modules  selected  by  the  Array 
Select  register  (AS)  are  used. 

(2)  The  associative  array  address  X'FB*  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X*7FFF  FFFF'  and  this  address  cannot  be 
used  as  an  operand. 

(3)  The  addresses  of  FF3  and  FF2  can  have  the  same 
values . 

(4)  Before  the  instruction  is  called,  the  registers 
AS,  H,  FP2  and  FP3  must  be  set  properly. 

Assume  AS  ••  X'8000  0000* 

FP2  - X’04* 

PP3  - X'lO' 

C - X'OOO  0013' 

and  M is  as  shown  in  the  tables,  then  the  instruction 

SUBCM  has  the  effect  as  shown  in  the  following  tables. 

This  instruction  has  the  following  operations: 


(1) 

In 

Section 

0, 

71  - 19  - 52 

(2) 

In 

Section 

1. 

-2  - 19  - -21 

(3) 

In 

Section 

2. 

no  operation 

(4) 

In 

Section 

3. 

8 - 19  - -11 

(5) 

In 

Section 

4. 

-23  - 19  - -42 
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(6)  In  Section  5, 

(7)  In  Section  6, 

(8)  In  Section  7, 


no  operation 
no  operation 
no  operation 


Note  that  those  memory  locations  which  are  not  shown 
or  are  left  blank  are  not  changed. 


6UBCMA  Subtract  Common  Register  From  Array  Words  Mod-32  In 

Mixed  Mode  (Fixed-Point) 

This  instruction  will  subtract  the  32-bit  Common 
register  from  the  words  mod-32  pointed  to  by  a^  and 
store  the  resultant  differences  into  the  words  mod-32 
pointed  to  by  a,*  The  addresses  are  based  on  the  mixed 
mode  mod-32t  as^shown  in  Fig.  2-1  and  Fig.  2-2.  Only 
those  associative  sections  whose  M response  store  bits 
ere  set  to  I's  will  participate  in  this  instruction. 
Only  those  associative  memory  modules  whicn  ire  select- 
ed by  the  Array  Select  register  (AS)  will  participate 
in  this  instruction. 


Format 

Label 

1 Command 

Argument 

Symbol 

1 SUBCMA 

li’  h 

. Label  Any  valid  symbol  or  blank. 


. Comsand  SUBCMA 

. Argument  Two  entries  are  required.  The  first  entry  points  to  the 

words  mod-32  which  are  the  minuends.  The  second  entry 
points  to  the  words  mod-32  which  are  the  differences  of 
the  minuends  minus  the  Common  register. 

**  *1**2  *1  ***^  *2  *^*  numbers  between  0 and  255. 

Motes  (1),  This  instruction  is  the  same  as  the  instruction 

SUBCM  except  that  it  loads  the  arguments  to  the 
field  pointers. 

(2)  The  response  store  registers  X and  Y in  the 
associative  memory  modules  selected  by  the  Array 
Select  register  (AS)  are  used. 

(3)  The  associative  array  address  X'FB*  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF*  and  this  address  cannot  be 
used  as  an  operand. 

(4)  The  addresses  of  a^  and  ^nn  have  the  same  values. 


(5)  Before  this  instruction  is  called,  the  registers 

AS  at\A  M fniieh  Ko  eoh  n^nnarlv. 


Mixed  Mode 
MULTIPLICATION 
and  DIVISION 
Instructions 


This  group  of  instructions  allows  the  programmer  to  perform 
curithmetic  multiplication  and  division  between  the  upper/lower 
half  of  words  mod-61*,  and  between  the  Common  register  with  the 
upper/lower  half  of  words  mod-61*.  The  most  significant  bits  of 
all  32-bit  words  are  considered  to  be  the  sign  bits. 


Mnemonic 

Function 

MPUUM 

MPUUMA 

MPULM 

MPULMA 

MPLUM 

MPLUMA 

MPLLM 

MPLLMA 

Multiply  words  by  words  in  mixed  mode  mo<i-61*. 

MPCUM 

MPCUMA 

MPCLM 

MPCLMA 

Multiply  words  by  the  Common  register  in 
mixed  node  mod-61*. 

DVUUM 

DVUUMA 

DVULM 

DVULMA 

DVLUM 

DVLUMA 

DVLLM 

DVLLMA 

Divide  words  by  words  in  mixed  mode  mod-61*. 

DVCUM 

DVCUMA 

DVCLM 

DVCLMA 

Divide  words  by  the  Common  register  in 
mixed  mode  mod-61*. 

MPUUM 


Multiply  32-blt  words  by  32-bit  words  in  mixed  mode 
Bod-64  (fixed-point) 


FORMAT 

• LABEL 
» COMMAND 

• ARGDMENT 
MOTES 

t’ 

I 


This  instruction  will  multiply  the  upper  32  bits  of  the  words 

■od-64  pointed  to  by  FP3  by  the  upper  32  bits  of  the  words  i 

mod-64  pointed  to  by  FPl  and  store  the  64-blt  resultant  j 

products  into  the  words  mod-64  pointed  to  by  FF2.  The  j 

addresses  are  based  on  the  mixed  mode  mod-64.  (Fig. 2-3  and  : 

Fig.  2-4).  Only  those  associative  sections  whose  M response 

store  bits  are  set  to  I's  will  participate  in  this  instruction.  t 

Only  those  associative  memory  modules  which  are  selected  by  | 

the  Array  Select  register  (AS)  will  participate  in  this  ' 

instruction.  j 

Label  Comnand  I Argument  j 

Symbol  | MPUUM  \ Blank  j 

Any  valid  syndiol  or  blank. 

MPUUM 

Blank 

j 

(1)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(2)  The  following  addresses  in  the  array  sections  which 
participate  in  the  Instruction  must  be  preset  to  the  values 
indicated  and  can  not  be  used  as  operands. 

(X’F6’)  “ X'OOOO  0001  0000  0000* 

(X'FB*)  « X'7FFF  FFFF  7FFF  FFFF* 

(X*FE*)  «=  X'7FFF  FFFF  FFFF  FFFF* 

(X*FF')  “ X'FFFF  FFFF  0000  0000* 

(3)  The  addresses  of  FPl,  FP2  and  FP3  can  have  the  same 
values. 

(4)  Before  the  instruction  is  called,  the  registers  AS, 

M,  FPl,  FP2  and  FP3  must  be  set  properly. 

(5)  The  addresses  X*F4*,  X*F5*,  X'F7*,  X'F8*,  X'F9*, 

X*FA',  and  X'FC*  in  the  sections  which  parf*clpate  In  the 
instruction  are  used  for  temporary  storage.  If  any  of  these 
addresses  is  Used  as  an  operand,  the  content  will  be 
destroyed . 


) 

i 

i 
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EXAMPLE:  Assume  AS  = X'8000  0000' 

FP3  “ X'04' 

FPl  “ X'19' 

FP2  = X'2B' 

and  M is  as  shown  In  the  tables,  then  the  instruction  MPUUM 
has  the  effect  as  shown  in  the  following  tables. 

Note  that  those  memory  locations  which  are  not  shown  or  are 
left  blank  are  not  changed.  This  instruction  has  the  following 
operations: 

(1)  In  Section  0,  7 x 5 •=  35 

(2)  In  Section  1,  no  operation 

(3)  In  Section  2,  7 x -8  = -56 

(4)  In  Section  3,  -6  x -15  *=  90 


SecCloa  0 


KPUUMA 


FORMAT 

LABEL 

CCXIMAND 

ARGUMENT 


ciLf  ft3 

NOTES 


Multiply  32-bit  words  by  32-bit  words  in  nixed  node  mod-64 
Cfixed-point) 

This  instruction  will  nultiply  the  upper  32  bits  of  the  words 
nod-64  pointed  to  by  si  by  the  upper  32  bits  of  the  words 
Bod-64  pointed  to  by  a2  and  store  the  64-blt  resultant  products 
into  the  words  nod-64  pointed  to  by  a3.  The  addresses  are 
based  on  the  nixed  node  nod-64,  as  shown  in  Fig.  2-3  and  Fig. 
2-4.  Only  those  associative  sections  whose  M response  store 
bits  are  set  to  I's  will  participate  in  this  instruction.  Only 
those  associative  memory  modules  which  are  selected  by  the 
Array  Select  register  (AS)  will  participate  in  this  instruction. 


Label 

Command 

Areument 

Symbol 

MPUUMA 

Any  valid  symbol  or  blank. 


MPUUMA 

Three  entries  are  required.  The  first  entry  points  to  the 
words  mod-64  whose  upper  32  bits  are  the  multiplicands.  The 
second  entry  points  to  the  words  mod-64  whose  upper  32  bits 
are  the  multipliers.  The  third  entry  points  to  the  words 
mod-64  which  are  the  64-bit  products  of  the  multiplicands 
stultlply  the  multipliers. 

al,a2  and  a3  are  the  numbers  between  0 and  255 • 

(1)  This  instruction  is  the  same  as  the  instruction  MPUUM 
except  that  it  loads  the  arguments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(3)  The  following  addresses  in  the  array  sections  which 
participate  in  the  instruction  must  be  preset  to  the  values 
Indicated  and  can  not  be  used  as  operands. 

(X'F6')  - X’OOOO  0001  0000  0000' 

(X'FB')  - X'7FFF  FFFF  7FFF  FFFF' 

(X'FE')  - X'7FFF  FFFF  FFFF  FFFF' 

(X'FF')  - X'FFFF  FFFF  0000  0000' 

(4)  The  addresses  of  al,  a2,  a3  can  have  the  same  values. 

(5)  Before  the  instruction  is  called,  the  registers  AS  and  M 
must  be  set  properly. 

(6)  The  field  pointers  FFl,  FF2  and  FP3  are  used. 

(7)  The  addresses  X'F4',  X'F5',  X'F7',  X'F8',  X'F9',  X'FA' 
and  X'FC'  In  the  sections  which  participate  in  the  instruction 
are  used  for  temporary  storage.  If  any  of  these  addresses  Is 
used  as  an  operand,  the  content  will  be  destroyed. 
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MPULM 


Multiply  32-bit  words  by  32-blt  words  in  mixed  mode 
niod-32  (Fixed-Point) 


This  Instruction  will  multiply  the  upper  32  bits  of  the 
words  mod-64  pointed  to  by  FP3  by  the  lower  32  bits  of  the 
words  mod-64  pointed  to  by  FPl  and  store  the  64-bit  resultant 
products  Into  the  words  mod-64  pointed  to  by  FP2.  The  addresses 
are  based  on  the  mixed  mode  mod-64,  as  shown  In  Fig.  2-3  and 
Fig.  2-4.  Only  those  associative  sections  whose  M response 
store  bits  are  set  to  I's  will  participate  in  this  Instruction. 
Only  those  associative  memory  modules  which  are  selected  by 
the  Array  Select  register (AS)  will  participate  In  this 
Instruction. 


FORMAT 

Label 

Command 

Argument 

Symbol 

MPULM 

Blank 

.Label 

.Command 

.Argument 

NOTES 


Any  valid  symbol  or  blank. 

MPULM 

Blank 

(1)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register (AS) 
are  used. 


(2)  The  following  addresses  in  the  array  sections  which 
participate  In  the  Instruction  must  be  preset  to  the  values 
Indicated  and  can  not  be  used  as  operands. 

(X'F6')  - X’OOOO  0001  0000  0000* 

(X'FB')  •=  X'7FFF  FFFF  7FFF  FFFF' 

(X'FE')  » X'7FFF  FFFF  FFFF  FFFF' 

(X'FF')  *=  X'FFFF  FFFF  0000  0000* 

(3)  The  addresses  of  FPl,  FP2  and  FP3  can  have  the  same 
values . 

(4)  Before  the  instruction  is  called,  the  registers  AS,  M, 

FPl,  FP2  and  FP3  must  be  set  properly. 

(5)  The  addresses  X'F4',  X'F5',  X'F7',  X’F8',  X'F9’,  X’FA’ 
and  X'FC'  In  the  sections  which  participate  In  the  Instruction 
are  used  for  temporate  storages.  If  any  of  these  addresses 

Is  used  as  an  operand,  the  content  will  be  destroyed. 


I 
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! 


% ■ ’ eXAMPLE  Assume  AS  - X*8000  0000' 


FP3  - X'04' 

FPl  - X'19' 

f , FP2  - X’2B' 

and  M is  as  shown  In  the  tables,  the  the  instruction  MPULM 
has  the  following  operations: 

‘ (1)  In  section  0,  7 x 5 “ 35 

(2)  In  section  1,  No  Operation. 

[ (3)  In  section  2,  7 x -8  “ -56 

(4)  In  section  3,  -6  x -15  “ 90 

\ Note  that  the  associative  memory  locations  which  are  not  shown 

or  are  left  blank  are  not  changed  in  this  instruction. 


MTULMA 


Multiply  32-bit  words  by  32-bit  words  in  mixed  mode  mod-64 
(fixed-point) 


I 


I 

» 


This  instruction  will  multiply  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  al,  by  the  lower  32  bits  of  the  words  mod- 
64  pointed  to  by  a2  and  store  the  64-blt  resultant  products  into 
the  words  mod-64  pointed  to  by  a3.  The  addresses  are  based  on  the 
mixed  mode  mod-64,  as  shown  in  Fig.  2-3  and  Fig.  2-4.  Only  those 
associative  sections  whose  M response  store  bits  arc  set  to  I's 
will  participate  in  this  instruction.  Only  those  associative  memory 
modules  which  are  selected  by  the  Array  Select  register  (AS)  will 
participate  in  this  instruction. 


FORJIAT 

Label 

Command 

Argument 

Symbol 

MPU11’L4 

al,  a2,  a3 

• LABEL  Any  valid  symbol  or  blank. 


• CObEiAND  MPULMA 

• ARGUMENT  Three  entries  arc  required.  The  first  entry  points  to  the  words 

mod-64  whose  upper  32  bits  are  the  multiplicands.  The  second 
entry  points  to  the  words  mod-64  whose  lower  32  bits  are  the 
multipliers.  The  third  entry  points  to  the  words  mod-64  which  are 
the  64-bit  products  of  the  multiplicands  multiply  the  multipliers. 


••  al,  a2,  a3  al,  a2,  and  a3  are  the  numbers  between  0 and  255. 

NOTES  (1)  This  instruction  is  the  same  as  the  instruction  MPULM,  except 

that  it  loads  the  arguments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative  memory 
modules  selected  by  the  Array  Select  register  (AS)  are  used. 


(3)  The  following  addresses  in  the  array  sections  which  participate 
in  the  instruction  must  be  preset  to  the  values  indicated  and  can 
not  be  used  as  operands. 

(X'F6')  = X'OOOO  0001  0000  0000’ 

(X'FB')  = X'TFFF  FFFF  7FFF  FFFF' 

(X'FE')  = X'7FFF  FFFF  FFFF  FFFF' 

(X'FF')  = X’FFFF  FFFF  0000  0000' 


(4)  The  addresses  of  al,  a2  and  a3  can  have  the  same  values. 

(5)  Before  the  instruction  is  called,  the  registers  AS  and  M 
must  be  set  properly. 

(6)  The  field  pointers  FPl,  FP2,  and  FP3  are  used. 

(7)  The  addresses  X'F4',  X'F5',  X’F7',  X'F8',  X'F9',  X'FA’  and 
X'FC'  in  the  sections  which  participate  in  the  Instruction  are  used 
for  temporary  storage.  If  any  of  these  addresses  is  used  as  an 
operand,  the  content  will  be  destroyed. 


1 


MPLUM 


Hultlply  32-bit  words  by  32-blC  words  in  mixed  mode  inod-64 
(Fixed-Point) 


I 


This  instruction  will  multiply  the  lower  32  bits  of  the  words 
nod-64  pointed  to  by  FP3  by  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  FPl  and  store  the  64-bic  resultant  products 
into  the  words  mod-64  pointed  to  by  FP2.  The  addresses  are 
based  on  the  mixed  mode  mod-64.  (Fig.  2-3  and  Fig.  2-4).  Only 
those  associative  sections  whose  M response  store  bits  are  set 
to  I's  will  participate  in  this  Instruction.  Only  those 
associative  memory  modules  which  a.e  selected  by  the  Array 
Select  register  (AS)  will  participate  in  this  instruction. 


FORMAT 

Label 

Command 

Argument 

Symbol 

MPLUM 

Blank 

LABEL 

Any  valid  symbol  or  blank. 

COMMAND 

MPLUM 

ARGUMENT 

Blank. 

HOTES  (1)  The  response  store  registers  X and  Y in  the  associative 

memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 


EXAMPLE 


(2)  The  following  addresses  in  the  array  sections  which 
participate  in  the  instruction  must  be  preset  to  the  values 
indicated  and  can  not  be  used  as  operands. 

(X*F6')  - X’OOOO  0001  0000  0000’ 

(X'FB')  - X'7FFF  FFFF  7FFF  FFFF’ 

(X’FE’)  ■=  X'7FFF  FFFF  FFFF  FFFF' 

(X’FF')  - X'FFFF  FFFF  0000  0000' 

(3)  The  addresses  of  FPl,  FP2  and  FF3  can  have  the  same 
values . 

(4)  Before  the  instruction  is  called,  the  registers  AS, 

M,  FPl,  FF2  and  FP3  must  be  set  properly. 

(5)  The  addresses  X’F4',  X'F5',  X'F7',  X'F8' , X'F9’, 

X'FA',  and  X'FC'  In  the  sections  which  participate  in  the 
Instruction  are  used  for  temporary  storage.  If  any  of  these 
addresses  is  used  as  an  operand,  the  content  will  be 
destroyed. 


Assume  AS  - X'8000  0000' 

FP3  - X'04' 

FPl  - X'19' 

FP2  » X'2B' 

and  M is  as  shown  in  the  tables. 

Then  the  instruction  MPLUM  has  the  effect  as  shown  in 
the  following  tables : 

(1)  In  Section  0,  7 x 5 ••  35 

(2)  In  Section  1,  no  operation 

(3)  In  Section  2,  7 x -8  ••  -56 

(4)  In  Section  3,  -6  x -15  " 90 
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\ 


Note  that  the  associative  memory  locations  which  are  not 
shorn  or  are  left  blank  are  not  changed  In  this  instruction. 


MFLUMA 


FORMAT 

• LABEL 

• COMMAJO) 

• ARGUMENT 


• • al,  a2,  a3 
NOTES 


Multiply  32-blt  words  by  32-blt  words  In  mixed  mode 
mod-64  (Fixed-Point) 

This  Instruction  will  multiply  the  lower  32  bits  of 
the  words  mod-64  pointed  to  by  al,  by  the  upper  32  bits 
of  the  words  mod-64  pointed  to  by  a2  and  store  the  64-blt 
resultant  products  Into  the  words  mod-64  pointed  to  bv 
a3.  The  addresses  are  based  on  the  mixed  mode  mod-64,  as 
shown  In  Fig.  2-3  and  Fig.  2-4.  Only  those  associative 
sections  whose  M response  store  bits  are  set  to  I's  will 
participate  In  this  Instruction.  Only  those  associative 
memory  modules  which  are  selected  by  the  Array  Select 
register  (AS)  will  participate  In  this  Instruction. 


Label 

Comiand 

Araument 

Symbol 

MPLUMA 

al.  a2,  a3 

Any  valid  symbol  or  blank. 


MPLDHA 


Three  entries  are  required.  The  first  entry  points  to  the 
words  mod-64  whose  lower  32  bits  are  the  multiplicands. 

The  second  entry  points  to  the  words  mod-64  whose  upper 
32  bits  are  the  multipliers.  The  third  entry  points  to  the 
words  mod-64  which  are  the  64-blt  products  of  the  multiplicands 
multiply  the  multipliers. 

al,  a2  and  a3  are  the  numbers  between  0 and  2^3* 

(1)  This  instruction  Is  Che  same  as  the  Instruction  MFLUM, 
except  that  It  loads  the  agruments  to  the  field  pointers. 

C2)  The  response  store  registers  X and  Y In  Che  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used, 

(3)  The  following  addresses  In  the  array  sections  which 
participate  In  the  Instruction  must  be  preset  Co  the  values 
indicated  and  can  not  be  used  as  operands. 

(X'r6')  » X'OOOO  0001  OOOO  0000' 

(X'FB')  - X'7FFF  FFFF  7FFF  FFFF' 

(X'FE')  = X'7FFF  FFFF  FFFF  FFFF' 

(X'FF')  «•  X'FFFF  FFFF  0000  0000' 

(4)  The  addresses  of  al,  a2,  a3  can  have  the  same  values. 

(5)  Before  the  Instruction  Is  called,  the  .eglsters  AS  and  M 
must  be  set  properly. 

(6)  The  field  pointers  FPl,  FP2  and  FP3  are  used. 

(7)  The  addresses  X'F4',  X'F5',  X*F7',  X'F8',  X'F9',  X'FA' 
and  X’FC'  In  the  sections  which  participate  In  the  Instruction 
are  used  for  temporary  storage.  If  any  of  these  addresses  is 
used  as  an  operand,  Che  content  will  be  destroyed. 
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MPLLM 


FORMAT 

LABEL 

COMMAND 

ARGUMENT 

NOTES 


Multiply  32-bit  words  by  32-blt  words  In  mixed  mode 
mod-64  (Fixed-Point) . 

This  instruction  will  multiply  the  lower  32  bits  of  the 
words  mod-64  pointed  to  by  FP3  by  the  lower  32  bits  of 
the  words  mod-64  pointed  to  by  FPl  and  store  the  64-blt 
resultant  products  into  the  words  mod-64  pointed  to  by 
FP2.  The  addresses  are  based  on  the  mixed  mode  mod-64. 

(Fig.  2-3  and  Fig.  2-4).  Only  those  associative  sections 
whose  M response  store  bits  are  set  to  I’s  will  participate 
in  this  instruction.  Only  those  associative  memory  modules 
which  are  selected  by  the  Array  Select  register  (AS)  will 
participate  in  this  instruction. 


Label 

Command 

Argument 

Symbol 

MPLLM 

Blank 

Any  valid  symbol  or  blank. 

MPLLM 

Blank. 

(1)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(2)  The  following  addresses  in  Che  array  sections  which 
participate  in  the  instruction  must  be  preset  to  the  values 
indicated  and  can  not  be  used  as  operands, 

(X'F6’)  = X'OOOO  0001  0000  0000' 

OC'FB')  = X*7FFF  FFFF  7FFF  FFFF' 

(X'FE’)  «=  X'7FFF  FFFF  FFFF  FFFF' 

(X'FF’)  = X'FFFF  FFFF  0000  0000' 

(3)  The  addresses  of  FPl,  FP2  and  FP3  can  have  the  same 
values. 

(4)  Before  the  instruction  is  called,  the  registers  AS, 

M,  FPl,  FP2  and  FP3imust  be  set  properly. 

(5)  The  addresses  X’F4',  X'F5',  X'F7',  X'FS',  X'F9', 

X'FA',  and  X'FC'  in  the  sections  which  participate  in 
the  Instruction  are  used  for  temporary  storage.  If  ly 
of  these  addresses  is  used  as  an  operand,  the  content 
will  be  destroyed. 


EXAMPLE 


Assume  AS  » X’8000  0000* 

FP3  - X'04' 

FPl  - X'19’ 

FP2  - X’2B' 

and  M Is  as  shown  In  the  tables,  then  the  Instruction 
MPLLM  has  the  effect  as  shown  in  the  following  tables: 

(1)  In  Section  0,  7 x 5 <■  35 

(2)  In  Section  1,  no  operation 

(3)  In  Section  2,  7 x -8  - -56 

(4)  In  Section  3,  -6  x -15  ■ 90 

Mote  that  the  associative  memory  locations  which  are  not 
shown  or  are  left  blank  are  not  changed  In  this  instruction. 


MPLLMA 


FORMAT 

• LABEL 

• COMMAND 

• ARGUMENT 


• • al,  a.2f  a3 
NOTES 


Multiply  32-blt  vords  by  32-bit  words  in  mixed  mode 
mod-64  (Fixed-Point) . 

This  Instruction  will  multiply  the  lower  32  bits  of  the 
words  mod-64  pointed  to  by  al  by  the  lower  32  bits  of 
the  words  mod-64  pointed  to  by  a2  and  store  the  64-blt 
resultant  products  into  the  words  mod-64  pointed  to  by  a3. 

The  addresses  are  based  on  the  mixed  mode  mod-64,  as  shown 
in  Fig.  2-3  and  Fig.  2-4,  Only  those  associative  sections  whose 
M response  store  bits  are  set  to  I's  will  participate  in  this 
instruction.  Only  those  associative  memory  modules  which  are 
selected  by  the  Array  Select  register  (AS)  will  participate 
in  this  instruction. 


Label 

Command 

Argument 

Symbol 

MPLLMA 

al,  a2,  a3 

Any  valid  symbol  or  blank. 

MPLLMA 

Three  entries  are  required.  The  first  entry  points  to  the 
words  mod-64  whose  lower  32  bits  are  the  multiplicands. 

The  second  entry  points  to  the  words  mod-64  whose  lower 
32  bits  are  the  multipliers.  The  third  entry  points  to  the 
words  mod-64  which  are  the  64-blt  products  of  the  multi- 
plicands multiply  the  multipliers. 

al,  a2  and  a3  are  the  numbers  between  0 and  255- 

(1)  This  instruction  is  the  s.\t.e  as  the  instruction 

MPLLM,  except  that  it  loads  the  arguments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(3)  The  following  addresses  in  the  array  sections  which 
participate  in  the  instruction  must  be  preset  to  the  values 
Indicated  and  can  not  be  used  as  operands. 

(X’F6’)  = X’OOOO  0001  0000  0000' 

(X'FB')  = X’7FFF  FFFT  7FFF  FFFF' 

OC'FE')  = X'7FFF  FFFF  FFFF  FFFF' 

(X'FF’)  = X'FFFF  FFFF  0000  0000’ 

C4)  The  addresses  of  al,  a2,  a3  can  have  the  same  values, 

(5)  Before  the  instruction  is  called,  the  registers  AS  and  M 
must  be  set  properly. 

(6)  The  field  pointers  FPl,  FP2  and  FP3  are  used. 

(7)  The  addresses  X'F4’,  X’F5',  X’F7',  X'F8',  X’F9',  X'FA* 
and  X'FC'  in  the  sections  which  participate  in  the  Instruction 
are  used  for  temporary  storage.  If  any  of  these  addresses  is 
used  as  an  operand,  the  content  will  be  destroyed. 
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MPCUM 


FORMAT 

• LABEL 

• COMMAND 

• argument 

NOTES 


Multiply  words  by  the  comnon  register  In  nixed  mode  mod-64 
(Fixed-Point) 

This  Instruction  will  multiply  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  FF3  by  the  32-blt  Common  Register  and 
store  the  64-blt  resultant  products  Into  the  words  mod-64 
pointed  to  by  FP2.  The  addresses  are  based  on  the  nixed  mode 
mod-64  (Fig.  2-3  and  Fig.  2-4).  Only  those  associative 
sections  whose  M response  store  bits  are  set  will  participate 
In  this  Instruction.  Only  those  associative  memory  modules 
which  are  selected  by  the  Array  Select  register  (AS)  will 
participate  in  this  instruction. 


Label 

Command 

Areument 

Symbol 

MPCUM 

Blank 

Any  valid  symbol  or  blank. 

MPCUM 

Blank 

CL)  The  response  store  registers  X and  Y In  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(2)  The  following  addresses  In  each  array  section  selected 
must  be  preset  to  the  values  indicated  and  can  not  be  used 
as  operands. 

(X’F6')  = X’OOOO  0001  0000  0000' 

(X'FB')  » X'7FFF  FFFF  7FFF  FFFF' 

(X'FE")  “ X'7FFF  FFFF  FFFF  FFFF' 

(X'FF")  = X'FFFF  FFFF  0000  0000’ 

(J)  The  field  pointer  FPl  Is  used. 

(4)  The  addresses  of  FP2  and  FP3  can  have  the  same  values. 

(5)  Before  the  Instruction  is  called,  the  registers  AS,  M, 

FP2  and  FP3  must  be  set  properly. 

(6)  The  addresses  X'F4',  X'F5',  X’F9'  and  X'FA’  are  used 

for  temporary  storage.  If  any  of  these  is  used  as  an  operand, 
the  content  will  be  destroyed. 
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EXAMPLE 


Assume  AS  *■  X’8000  0000' 

FP3  - X'5A' 

FP2  = X'5F' 

C - X'OOOO  0007' 

and  M is  as  shown  In  the  tables, 

then  the  instruction  MPCUM  has  the  effect  as  shown  in  the 
following  tables. 

This  instruction  has  the  following  operations: 

(1)  In  Section  0,  7 x -8  = -56 
C2)  In  Section  1,  7 x 13  “ 91 
C3)  In  Section  2,  no  operation 
(A)  In  Section  3,  7 x -6  ' -42 

Note  that  those  memory  locations  which  are  not  shown  or  are 
left  blank  are  not  changed. 


Section 


Section 


MPCUMA  Multiply  words  by  the  Common  Register  In  mixed  mode  mod-64 

CFlxed-Polnt) 

This  Instruction  will  multiply  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  al  by  the  32-blt  common  register  and 
store  the  64-blt  resultant  products  Into  the  words  mod-64 
pointed  to  by  a2.  The  addresses  are  based  on  the  mixed  mode 
mod-64t  as  shown  In  Fig.  2-3  and  Fig.  2-4.  Only  those 
associative  sections  whose  M response  store  bits  are  set 
to  I's  will  participate  In  this  Instruction.  Only  those 
associative  memory  modules  which  are  selected  by  the  Array 
Select  register  (AS)  will  participate  In  this  Instruction. 


format 

Label 

Coimnand 

Argument 

Symbol 

MPCUMA 

al, 

• label  Any  valid  symbol  or  blank. 


• COMMAND  MPCUMA 

• ARGUMENT  Two  entries  are  required.  The  first  entry  points  to  the  words 

mod-64  whose  upper  32  bits  are  the  multiplicands.  The  second 
entry  points  to  the  words  mod-64  which  are  the  64-blt  resultant 
products  of  the  multiplicands  multiply  the  Common  register. 

• • al,  a2  al  and  a2  are  the  numbers  between  0 and  255. 

NOTES  (1)  This  Instruction  Is  the  same  as  the  Instruction  MFCUM 

except  that  It  loads  the  arguments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y In  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(3)  The  following  addresses  In  each  array  section  selected 
must  be  preset  to  the  values  Indicated  and  can  not  be  used 
as  operands. 

(X*F6')  = X'OOOO  0001  0000  0000’ 

OC'FB')  •=  X'7FFF  FFFF  7FFF  FFFF' 

(X'FE")  = X'7FFF  FFFF  FFFF  FFFF' 

OC'FF")  = X'FFFF  FFFF  0000  0000' 

(4)  The  addresses  of  al  and  a2  can  have  the  same  values. 

t 

C5)  Before  the  Instruction  Is  called,  the  registers  AS  and 
M must  be  set  properly. 

(6)  The  addresses  X'F4',  X'F5',  X'F9'  and  X'FA'  are  used 
for  temporary  storage.  If  any  of  these  is  used  as  an  operand, 
the  content  will  be  destroyed. 

(7)  The  field  pointers  FPl,  FP2  and  FP3  are  used. 

I; 
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p 

f: 

MPCLM 

i 

FORMAT 

f • LABEL 

k 

f • COMMAND 

• ARGUMENT 
NOTES 


, EXAMPLE 

[ 

i 


L 


Multiply  words  by  the  Common  Register  In  mixed  mode 
mod-64  CFlxed-Polnt) . 

This  Instruction  will  multiply  the  lower  32  bits  of  the  words 
mod-64  pointed  to  by  FP3  by  32-blt  Common  Register  and  store 
the  64-blt  resultant  products  Into  the  words  mod-64  pointed 
to  by  FP2.  The  addresses  are  based  on  the  mixed  mode  mod-64 
CFlg.  2-3  and  Fig.  2-4).  Only  those  associative  sections  whose 
M response  store  bits  are  set  will  participate  in  this 
Instruction.  Only  those  associative  memory  modules  which 
are  selected  by  the  Array  Select  register  (AS)  will  participate 
in  this  instruction. 


Label 

Command 

Argument 

Symbol 

MPCLM 

Blank 

Any  valid  symbol  or  blank. 


MPCIM 

Blank 

(1)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used, 

(2)  The  following  addresses  in  each  array  section  selected 
must  be  preset  to  the  values  indicated  and  can  not  be  used 
as  operands. 

CX'P6’)  - X'OOOO  0001  0000  0000' 

OC'FB*)  - X'7FFF  FFFF  7FFF  FFFF' 

OC'FE’)  - X'7FFF  FFFF  FFFF  FFFF' 

(X'FF'i  - X'FFFF  FFFF  0000  0000’ 

C3)  The  field  pointer  FPl  is  used, 

(4)  The  addresses  of  FP2  and  FP3  can  have  the  same  values. 

(5)  Before  the  instruction  is  called,  the  registers  AS,  M, 
FP2  and  FP3  must  be  set  properly, 

(6)  The  addresses  X'F4',  X'F5',  X'F9',  and  X'FA'  are  used 
for  temporary  storage.  If  any  of  these  is  used  as  an  operand, 
the  content  will  be  destroyed. 

Assume  AS  = X'8000  0000' 

FP3  X'5A' 

FP2  = X’5F' 

C » X'OOOO  00C7' 

and  M is  as  shown  in  the  tables,  then  the  instruction 
MPCLM  has  the  effect  as  shown  in  the  following  tables. 


(1) 

In 

Section 

0, 

7 X -8  = -56 

(2) 

In 

Section 

1, 

7 X 13  = 91 

(3) 

In 

Section 

2, 

no  operation 

C4) 

In 

Section 

3, 

7 X -6  ■=  -42 

I? 

I 


I 

5 
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Note  that  those  memory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 


Section  1 


MPCLMA 


Multiply  words  by  the  Common  Register  in  mixed  mode 
mod-64  (Fixed-Point) 

This  instruction  will  multiply  the  lower  32  bits  of 
the  words  mod-64  pointed  to  by  al  by  the  32-bit  Common 
Register  and  store  the  64-blt  resultant  products  into 
the  words  mod-64  pointed  to  by  a2.  The  addresses  are  based 
on  the  mixed  mode  mod- 64,  as  shown  in  Fig.  2-3  and  Fig.  2-4. 

Only  those  associative  sections  whose  M response  store  bits 
are  set  to  I's  will  participate  in  this  Instruction.  Only 
those  associative  memory  modules  which  are  selected  by  the 
Array  Select  register  (AS)  will  participate  in  this  instruction. 


FORMAT 

Label 

Connnand 

Argument 

Symbol 

MPCLMA 

al  , ^ 

LABEL 

Any  valid 

symbol  or  blank. 

COMMAND 

MPCLMA 

• ARGUMENT  Two  entries  are  required.  The  first  entry  points  to 

the  words  mod-64  whose  lower  32  bits  are  the  multiplicands. 
The  second  entry  points  to  the  words  mod-64  which  are  the 
64-blt  resultant  products  of  the  multiplicands  multiply  the 
Common  Register. 

• • al>  a2  al  and  a2  are  the  numbers  between  0 and  255, 

NOTES  (1)  This  instruction  is  the  same  as  the  instruction 

MPCLM  except  that  it  loads  the  arguments  to  the  field 
pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(3)  The  following  addresses  in  each  array  section  selected 
must  be  preset  to  the  values  Indicated  and  can  not  be  used 
as  operands. 

(X’F6’)  = X’OOOO  0001  0000  0000' 

(X'FB')  = X'7FFF  FFFF  7FFF  FFFF' 

(X'FE*)  ° X'7FFF  FFFF  FFFF  FFFF' 

(X'FF')  «=  X'FFFF  FFFF  0000  0000' 

(4>  The  addresses  of  al  and  a2  can  have  the  same  values. 

(5)  Before  the  instruction  is  called,  the  registers  AS  and 
M must  be  set  properly. 

(6)  The  addresses  X'F4',  X'F5',  X'F9'  and  X'FA'  are  used 

for  temporary  storage.  If  any  of  these  is  used  as  an  operand, 
the  content  will  be  destroyed. 
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DVUUM 


Divide  Words  by  Words  In  mixed  mode  mod-64  (Fixed-Point) 


This  Instruction  will  divide  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  FP3  by  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  FPl  and  store  the  32-blt  remainders 
and  the  32-blt  quotients  Into  the  words  mod-64  pointed  to 
by  FP2.  The  addresses  are  based  on  the  mixed  mode  mod-64 
(Fig,  2-3  and  Fig.  2-4),  Only  those  associative  sections 
whose  M response  store  bits  are  set  will  participate  in  this 
Instruction.  Only  th<^se  associative  memory  modules  which 
are  selected  by  the  Array  Select  register  (AS)  will 
participate  in  this  instruction. 


FORMAT 

Label 

Command 

Ar Rumen t 

Symbol 

DVUUM 

Blank 

• LABEL 

Any  valid  symbol  or  blank. 

• COMMAND 

DVUUM 

• ARGUMENT 

Blank. 

HOTES  (1)  The  response  store  registers  X and  Y in  the 

associative  memory  modules  selected  by  the  Array  Select 
register  CAS)  are  used. 

(2)  The  following  addresses  In  the  sections  which  participated 
In  the  Instruction  must  be  preset  to  the  values  indicated  and 
can  not  be  used  as  operands. 

CX'F6')  - X'OOOO  0001  0000  0000' 

OC'FB')  - X'7FFF  FFFF  7FFF  FFFF’ 

CX'FE')  - X’7FFF  FFFF  FFFF  FFFF' 

OC'FF')  - X'FFFF  FFFF  0000  0000' 

(3)  The  addresses  of  FPl,  FP2  and  FP3  can  have  the  same 
values. 

(4)  Before  the  Instruction  is  called,  the  registers  AS, 

M,  FP3,  FPl  and  FP2  must  be  set  properly. 

C5)  The  addresses  X'F4',  X’F5',  X’F9’,  X’FA’,  X'FC'  and 
X'FD’  in  the  sections  which  participate  in  the  Instruction 
are  used  for  temporary  storage.  If  any  of  these  addresses 
is  used  as  an  operand,  the  content  will  be  distroyed. 


I 
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EXAMPLE 


Assume  AS  - X'8000  0000’ 

FP3  = X'  07’ 

FPl  - X 13' 

FP2  - X’  38’ 

and  M Is  as  shown  In  Che  tables 

then  the  Instruction  DVUUM  has  the  effect  as  shown  in  the 
following  tables 

This  Instruction  has  the  operations: 

(1)  In  Section  0,  37  t 8 - R5  q4 
C2)  In  Section  2,  -42  4 5 »=  R-2  Q-8 
C3)  In  Section  2,  no  operation 
C4)  In  Section  3,  -35  4 -4  = R-3  Q8 

Note  that  those  memory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 
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DVinm 


FORMAT 

• LABEL 

• COMMAND 

• ARGUMENT 


• • al,  a2,  a3 
NOTES 


Divide  words  by  words  In  mixed  mode  mod-64  (fixed-point) 

This  Instruction  will  divide  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  al  by  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  a2  and  store  the  32-blt  remainders 
and  the  32-blt  quotients  Into  the  words  mod-64  pointed  to 
by  a3.  The  addresses  are  based  on  the  mixed  mode  mod-64, 
as  shown  In  Fig.  2-3  and  Fig,  2-4,  Only  those  associative 
sections  whose  M response  store  bits  are  set  will  participate 
In  this  instruction.  Only  those  associative  memcry  modules 
which  are  selected  by  Che  Array  Select  register  (AS)  will 
participate  In  this  Instruction. 


Ubel 

Command 

Areument 

Symbol 

DVUOMA 

al.  a2,  a^ 

Any  valid  symbol  or  blank 
DVUUMA 

Three  entries  are  required.  The  first  entry  points  to  the 
words  mod-64  whose  upper  32  bits  are  the  dividends.  The 
second  entry  points  to  the  words  mod-64  whose  upper  32 
bits  are  the  divisors.  The  third  entry  points  to  the  words 
mod-64  whose  upper  32  bits  are  the  remainders  and  whose  lower 
32  bits  are  the  quotients. 

al,  a2  and  a3  are  the  numbers  between  0 and  255. 

(1)  This  Instruction  has  the  same  operation  as  the  Instruction 
DyUUM  except  that  this  Instruction  loads  the  arguments  to 

the  field  pointers. 

(2)  The  response  store  registers  X and  Y In  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used, 

(3)  The  following  addresses  In  the  sections  which  participate 
In  the  Instruction  must  be  preset  to  the  values  Indicated 
and  can  not  be  used  as  operands. 

(X’F6')  = X'OOOO  0001  0000  0000’ 

(X’FB')  •=  X'7FFF  FFFF  FFFF  FFFF’ 

(X'FE')  = X'7FFF  FFFF  FFFF  FFFF' 

(X'FF')  » X’FFFF  FFFF  0000  0000' 

(4)  The  addresses  of  al,  a2  and  a3  can  have  the  same  values. 

(5)  Before  the  Instruction  Is  called,  the  registers  AS  and 
M must  be  set  properly. 

(6)  The  addresses  X'F4*,  X'F5',  X'F9’,  X'FA',  X'FC'  and 
X'FD'  In  the  sections  which  participate  in  the  instruction 
are  used  for  temporary  storage.  If  any  of  those  addresses 
la  used  as  an  operand,  the  content  will  be  destroyed, 

(7)  The  field  pointers  FFl,  FP2  and  FF3  are  used. 
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DVULM 


Divide  words  by  words  In  mixed  mode  mod-64  (Fixed-Point) 


This  Instruction  will  divide  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  FP3  by  the  lower  32  bits  of  the  words 
mod-64  pointed  to  by  FPl  and  store  the  32-blt  remainders 
and  the  32-blt  quotients  into  the  words  mod-64  pointed  to  by 
FP2.  The  addresses  are  based  on  the  mixed  mode  mod-64,  as 
shown  In  Fig.  2-3  and  Fig.  2-4.  Only  those  associative 
sections  whose  M response  store  bits  are  set  will  participate 
In  this  Instruction.  Only  those  associative  memory  modules 
which  are  selected  by  the  Array  Select  register  (AS)  will 
participate  in  this  Instruction. 


format 

Label 

Command 

Argument 

Symbol 

DVULM 

Blank 

• LABEL  Any  valid  symbol  or  blank. 


• COMMAND  DVULM 


• argument  Blank. 

NOTES  (1)  The  response  store  registers  X and  Y in  the 

associative  memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used, 

(2)  The  following  addresses  In  the  sections  which  participated 
In  the  Instruction  must  be  preset  to  the  values  Indicated  and 
can  not  be  used  as  operands. 

(X'F6')  - X'OOOO  0001  0000  0000' 

OC'FB')  = X*7FFF  FFFF  7FFF  FFFF’ 

(X’FE’)  - X'7FFF  FFFF  FFFF  FFFF' 

(X’FF')  = X'FFFF  FFFF  0000  0000' 

(3)  The  addresses  of  FPl,  FP2  and  FP3  can  have  the  same 
values . 

C4)  Before  the  instruction  is  called,  the  registers  AS, 

M,  FP3,  FPl  and  FP2  must  be  set  properly. 

(5)  The  addresses  X'F4',  X'F5',  X'F9',  X'FA',  X'FC  and 
X'FD'  in  the  sections  which  participate  in  the  instruction 
are  used  for  temporary  storage.  If  any  of  these  addresses 
is  used  as  an  operand,  the  content  will  be  destroyed. 


t 

I 
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EXAMPLE 


W~r. 


Assume  AS  - X’8000  0000' 

FP3  - X*07' 

FPl  - X'13' 

FP2  - X'38' 

and  M is  as  shown  in  the  tables,  then  the  instruction  DVULM 
has  the  effect  as  shown  in  the  following  tables: 

(1)  In  Section  0,  37  4 8 « R5  Q4 

(2)  In  Section  1,  -42  4 5 - R-2  Q-8 
C3)  In  Section  2,  no  operation 

(4)  In  Section  3,  -35  4 -4  » R-3  Q8 

Note  that  those  memory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 
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Section 


Section 


DVULMA 


FORMAT 

LABEL 

COMMAND 

ARGUMENT 


al,  a2,  a3 
NOTES 


Divide  words  by  words  In  mixed  mode  mod-6A  (Fixed-Point) 

This  Instruction  will  divide  the  upper  32  bits  of  the  words 
inod-64  pointed  to  by  al  by  the  lower  32  bits  of  the  words 
mod-64  pointed  to  by  a2  and  store  the  32-bit  remainders 
and  the  32-blt  quotients  into  the  words  mod-64  pointed  to  by 
a3.  The  addresses  are  based  on  the  mixed  mode  mod-64,  as  shown 
in  Fig.  2-3  and  Fig.  2-4.  Only  those  associative  sections 
whose  M response  store  bits  are  set  will  participate  in  this 
Instruction.  Only  those  associative  memory  modules  which  are 
selected  by  the  Array  Select  register  (AS)  will  participate 
In  this  Instruction. 


Label 

Command 

Argument 

Symbol 

DVULMA 

al,  a2,  ^3^ 

Any  valid  symbol  or  blank. 

DVULMA 

Three  entries  are  required.  The  first  entry  points  to  the 
words  mod-64  whose  upper  32  bits  are  the  dividends.  The 
second  entry  points  to  the  words  mod-64  whose  lower  32  bits 
are  the  dlvlsers.  The  third  entry  points  to  the  words  mod-64 
whose  upper  32  bits  are  the  remainders  and  whose  lov7er  32-bits 
are  the  quotients. 

al,  a2  and  a3  are  the  numbers  between  0 and  255. 

(1)  This  Instruction  is  the  same  as  the  instruction  DVULM 
except  it  loads  the  arguments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(3)  The  following  addresses  in  the  sections  which  participate 
In  the  Instruction  must  be  preset  to  the  values  Indicated  and 
can  not  be  used  as  operands. 

(X'F6')  = X'OOOO  0001  0000  0000* 

(X’FB*)  = X'7FFF  FFFF  TFFF  FFFF* 

(X'FE*)  = X'7FFF  FFFF  FFFF  FFFF* 

(X*FF')  = X'FFFF  FFFF  0000  0000’ 

C4)  The  addresses  of  al,  a2  and  a3  can  have  the  same  values. 

(5)  Before  the  instruction  is  called,  the  registers  AS  and  M 
must  be  set  properly. 

(6)  The  addresses  X'F4*,  X’F5',  X*F9’,  X’FA’,  X’FC’  and 
X'FD*  in  the  sections  which  participate  in  the  instruction 
arc  used  for  temporary  storage.  If  any  of  those  addresses  is 
used  as  an  operand,  the  content  will  be  destroyed. 

(7)  The  field  pointers  FPl,  FP2  and  FT j are  used. 
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DVLUM 


Divide  words  by  words  In  mixed  mode  mod-6A  (Fixed-Point) 


This  Instruction  will  divide  the  lower  32  bits  of  the  words 
mod-64  pointed  to  by  FP3  by  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  FFl  and  store  the  32-blt  remainders 
and  the  32-blt  quotients  Into  the  words  mod-64  pointed  to  by 
FP2.  The  addresses  are  based  on  the  mixed  mode  mod-64,  as 
shown  In  Fig,  2-3  and  Fig.  2-4,  Only  those  associative  sections 
whose  M response  store  bits  are  set  will  participate  In  this 
Instruction,  Only  those  associative  memory  modules  which  are 
selected  by  the  Array  Select  register  (AS)  will  participate 
In  this  Instruction, 


FOBMAT 

Label 

Command 

Argument 

Symbol 

DVLUM 

Blank 

• UBEL 

Any  valid  symbol  or  blank. 

• COMMAND 

DVLUM 

• ARGUMENT 

Blank. 

MOTES  (1)  The  response  store  registers  X and  Y in  the 

associative  memory  modules  selected  by  tha  Array  Select 
register  (AS)  are  used. 

(2)  The  following  addresses  In  the  sections  which  participated 
In  the  Instruction  must  be  preset  to  the  values  Indicated  and 
can  not  be  used  as  operands, 

(X'F6*)  - X'OOOO  0001  0000  0000* 

(X*FB')  - X'7FFF  FFFF  7FFF  FFFF’ 

(X’FE*)  - X'7FFF  FFFF  FFFF  FFFF* 

(X'FF')  - X'FFFF  FFFF  0000  0000* 

(3)  The  addresses  of  FFl,  FF2  and  FP3  can  have  the  same 
values . 

(4)  Before  the  Instruction  Is  called,  the  registers  AS, 

M,  FF3,  FFl  and  FP2  must  be  set  properly, 

(5)  The  addresses  X'F4’,  X'FS*,  X'P9’,  X'FA  , X'FC'  and 
X'FD*  In  the  sections  which  participate  In  the  Instruction 
are  used  for  temporary  storage,  if  any  of  these  addresses 
la  used  as  an  operand,  the  content  will  be  destroyed. 


s 


14-2-97 


EXAMPLE 


Assume  AS  «<  X'8000  0000' 

FP3  - X'07' 

FPl  - X'13' 

FP2  - X'38' 

and  M Is  as  shown  in  the  tables, 

then  the  Instruction  DVLUM  has  the  effect  as  shown  In  the 
following  tables. 

CD  In  Section  0,  37  4 8 - R5  Q4 
(2)  In  Section  1,  -42  4 5 - R-2  Q-8 
C3)  In  Section  2,  no  operation 
C4)  In  Section  3,  -35  4 -4  •>  R-3  Q8 

Mote  that  those  memory  locations  which  are  not  shown  or  are 
left  blank  are  not  changed. 
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Section  0 


Section  1 
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DVLUMA  Divide  words  by  words  in  mixed  mode  mod-64  (Fixed-Point) 

This  instruction  will  divide  the  lower  32  bits  of  the  words 
mod-64  pointed  to  by  al  by  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  a2  and  store  the  32-blt  remainders  and 
the  32-bit  quotients  into  the  words  mod-64  pointed  to  by  a3. 
The  addresses  are  based  on  the  mixed  mode  mod-64,  as  shown 
in  Fig.  2-3  and  Fig,  2-4.  Only  those  associative  sections 
whose  M response  store  bits  are  set  will  participate  in  this 
instruction. 


FORMAT 

Label 

Command 

Argument 

Symbol 

DVLUMA 

al,  a2,  a3 

• LABEL 

Any  valid  symbol  or  blank. 

• COMMAND 

DVLUMA 

• ARGUMENT  Three  entries  are  required.  The  first  entry  points  to  the 

%K>rds  mod-64  whose  lower  32  bits  are  the  dividends.  The 
second  entry  points  to  the  words  mod-64  whose  upper  32  bits 
are  the  divisors.  The  third  entry  points  to  the  words  mod-64 
and  whose  lower  32  bits  are  the  quotients. 

• • al«  a2,  a3  al,  a2  and  a3  are  the  numbers  between  0 and  255. 


notes  (1)  This  instruction  is  the  same  as  the  instruction  DVLUM 

except  that  it  loads  the  arguments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 


(3)  The  following  addresses  in  the  sections  which  participate 
in  the  instruction  must  be  preset  to  the  values  Indicated 
and  can  not  be  used  as  operands. 

(X’F6')  = X‘0000  0001  0000  0000' 

OC'FB’)  » X'7FFF  FFFF  TFFF  FFFF' 

(X'FE')  ■=  X’7FFF  FFFF  FFFF  FFFF' 

(X*FF')  ° X'FFFF  FFFF  0000  0000' 

(4)  The  addresses  of  al,  a2  and  a3  can  have  the  same  values. 

(5)  Before  the  instruction  is  called,  the  registers  AS  and 
JM  must  be  set  properly. 

(6)  The  addresses  X'F4',  X'F5',  X'F9' , X'FA',  X'FC'  and 
X’FD’  in  the  sections  which  participate  in  the  instruction 
are  used  for  temporary  storage.  If  any  of  those  addresses 
is  used  as  an  operand,  the  content  will  be  destroyed. 

(7)  The  field  pointers  FPl,  FP2  and  FP3  are  used. 


i 
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DVLLM 


FOBHAT 

• LABEL 

• COMMAND 

• argument 

NOTES 


Divide  words  by  words  in  mixed  mode  mod-64  (Fixed- Point) 

This  Instruction  will  divide  the  lower  32  bits  of  the  words 
aod-64  pointed  to  by  FP3  by  the  lower  32  bits  of  the  words 
nod-64  pointed  to  by  FPl  and  store  the  32-blt  remainders  and 
the  32'~blt  quotients  Into  the  words  mod-64  pointed  to  by  FP2. 
The  addresses  are  based  on  the  mixed  mode  mod-64,  as  shown  in 
Fig,  2-3  and  Fig,  2-4.  Only  those  associative  sections  whose 
M response  store  bits  are  set  will  participate  In  this 
Instruction.  Only  those  associative  memory  modules  which  are 
selected  by  the  Array  Select  register  (AS)  will  participate 
In  this  Instruction, 


Label 

Command 

Argument 

Symbol 

DVLLM 

Blank 

Any  vallw  symbol  or  blank. 


DVLLM 

Blank, 

Cl>  The  response  store  registers  X and  Y in  the 
associative  memory  modules  selected  by  the  Array  Select 
register  CAS)  are  used. 

(2)  The  following  addresses  In  the  sections  which  participated 
In  the  Instruction  must  be  preset  to  the  values  Indicated  and 
can  not  be  used  as  operands. 

CX’F6')  - X’OOOO  0001  0000  0000' 

CX’FB')  •=  X'7FFF  FFFF  7FFF  FFFF' 

OC’FE*)  « X’7FFF  FFFF  FFFF  FFFF’ 

(X'FF’)  » X'FFFF  FFFF  0000  0000’ 

C3)  The  addresses  of  FPl,  FP2  and  FP3  can  have  the  same 
values . 

(4)  Before  the  instruction  is  called,  the  registers  AS, 

M,  FP3,  FPl  and  FP2  must  be  set  properly. 

(5)  The  addresses  X’F4’,  X’F5’,  X’F9’ , X'FA’,  X’FC'  and 
X’FD'  in  the  sections  which  participate  In  the  Instruction 
are  used  for  temporary  storage.  If  any  of  these  addresses 
Is  used  as  an  operand,  the  content  will  be  desttoyed. 
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EXAMPLE 

i * 


•| 


Assume  AS  ■■  X'8000  0000' 

PP3  « X'07' 

FPl  - X'13' 

PP2  - X'38’ 

and  M Is  as  shown  In  the  tables, 

then  the  Instruction  OVLLM  has  the  effect  as  shown  in  the 
following  tables. 

CD  In  Section  0,  37  4 8 *•  R5  Q4 

(2)  In  Section  1,  -42  t 5 ■ R-2  Q-8 

(3)  In  Section  2,  no  operation 

C4)  In  Section  3,  -38  4 -4  ■ R-3  Q8 

Note  that  those  memory  locations  which  arc  not  shown  or 
are  left  blank  are  not  changed. 
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Before  Execution 


After  Execution 


Scetioa  3 


DVLLMA 


format 

• label 

• COMMAND 

• ARGUMENT 


• • al,  a2,  a3 
NOTES 


Divide  words  by  words  in  mixed  mode  mod-6A  (Fixed-Point) 

This  instruction  will  divide  the  lower  32  bits  of  the  words 
inod-64  pointed  to  by  al  by  the  upper  32  bits  of  the  words 
Dod-6A  pointed  to  by  a2  and  store  the  32-blt  remainders  and 
the  32-bit  quotients  into  the  words  Diod-64  pointed  to  by  a3. 
The  addresses  are  based  on  the  mixed  mode  mod-64,  as  shown 
in  Pig.  2-3  and  Fig.  2-4,  Only  those  associative  sections 
whose  M response  store  bits  are  set  will  participate  in  this 
instruction.  Only  those  associative  memory  modules  which  are 
selected  by  the  Array  Select  register  (AS)  will  participate 
in  this  instruction. 


Label 

Command 

Argument 

Symbol 

DVLLMA 

al,  a2,  a3 

Any  valid  symbol  or  blank. 


DVLLMA 

Three  entries  are  required.  The  first  entry  points  to  the 
words  mod-64  whose  lower  32  bits  are  the  dividends.  The 
second  entry  points  to  the  words  mod-64  whose  lower  32  bits 
are  the  divisors.  The  third  entry  points  to  the  words  mod-64 
whose  upper  32  bits  are  the  remainders  and  whose  lower  32 
bits  are  the  quotients. 

al,  a2  and  a3  are  the  numbers  between  0 and  255, 

CD  This  instruction  is  the  same  as  the  instruction  Dv'LL” 
except  that  it  loads  the  arguments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(33  The  following  addresses  in  the  sections  which  participate 
in  the  Instruction  must  be  preset  to  the  values  indicated 
and  can  not  be  used  as  operands. 

(X'F6')  = X’OOOO  0001  0000  0000' 

(X’FB')  = X’7FFF  FFFF  7FFF  FFFF' 

(X’FE')  = X’7FFF  FFFF  FFFF  FFFF' 

(X'FF')  •=  X'FFFF  FFFF  0000  0000' 

(4)  The  addresses  of  al,  a2  and  a3  can  have  the  same  values. 

(5)  Before  the  instruction  is  called,  the  registers  AS  and 
M must  be  set  properly, 

(6)  The  addresses  X'F4',  X'F5',  X'F9',  X'FA',  X'FC'  and 
X’FD'  in  the  sections  which  participate  in  the  Instruction 
are  used  for  a temporary  storage.  If  any  of  those  addresses 
is  used  as  an  operand,  the  content  will  be  destroyed. 

(7)  The  field  pointers  FPl,  FP2  and  FP3  are  used. 


110 


DVCUM 


FORMAT 

• label 

• COMMAND 

• ARGUMENT 
NOTES 


Divide  words  by  the  Common  Register  In  mixed  mode  mod-64 
(Fixed-Point) 

This  Instruction  will  divide  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  FP3  by  the  32-blt  Common  register  and 
store  the  resultant  32-blt  remainders  and  the  32-blt  quotients 
Into  the  words  mod-64  pointed  to  by  FF2.  The  addresses  are 
based  on  the  mixed  mode  mod-64  (Fig.  2-3  and  Fig.  2-4)  . Only 
those  associative  sections  whose  M response  store  bits  are 
set  will  participate  in  this  Instruction.  Only  those 
associative  memory  modules  which  .are  selected  by  the  Array 
Select  register  (AS)  will  participate  in  this  Instruction. 


Label 

Command 

Argument 

Symbol 

DVCUM 

Blank 

Any  valid  symbol  or  blank. 


DVCUM 

Blank. 

(1)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS)  are 
used. 

C2)  The  following  addresses  in  the  sections  which  participate 
in  the  Instruction  must  be  preset  to  the  values  Indicated  and 
can  not  be  used  as  operands. 

(X'F6')  = X’OOOO  0001  0000  0000' 

(X’FB')  - X'7FFF  FFFF  7FFF  FFFF' 

(X'FE')  - X'7FFF  FFFF  FFFF  FFFF' 

OC’FF')  - X'FFFF  FFFF  0000  0000' 

(3)  The  addresses  of  FP2  and  FP3  can  have  the  same  values. 

(4)  Before  the  Instruction  Is  called,  the  registers  AS,  M, 

FP3  and  FP2  must  be  set  properly. 

(5)  The  addresses  X'F4',  X'F5',  X'FA',  X'FC',  and  X'FD'  are 
used  for  temporary  storage.  If  any  of  these  addresses  is 
used  as  an  operand,  the  content  will  be  destroyed. 
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EXAMl’LE 


0 


Assume  AS  = X'8000  0000' 

FP3  = X'03* 

FP2  - X'lO' 

C » X'OOOO  0007* 

and  M Is  as  shown  In  the  cables, 

then  the  Instruction  DVCUM  has  the  effect  as  shown  In  the 
following  tables. 

This  Instruction  has  the  following  operations: 

(1)  In  Section  0,  76  t 7 = R6  QIO 

(2)  In  Section  1,  no  operation 

(3)  In  Section  2.  -97  t 7 = R-6  Q-13 

(4)  In  Section  3,  18  t 7 = RA  Q2 

Note  that  those  memory  locations  which  are  not  shown  or  are 
left  blank  are  not  changed. 


i 


A 


Sectlott  2 


Before  Execution 


DVCUMA 


FORMAT 

• LABEL 

• COMMAND 

• ARGUMENT 

• • al,  a2 

notes 


Divide  words  by  the  Common  Register  In  mixed  mode  mod-64 
(Fixed-Point' 

This  Instruction  will  divide  the  upper  32  bits  of  the  words 
mod-64  pointed  to  by  al  by  the  32-blt  common  register  and  store 
the  resultant  32-bit  remainders  and  the  32-bit  quotients  into 
the  words  inod-64  pointed  to  by  a2.  The  addresses  are  based  on 
the  mixed  mode  mod-64,  as  shown  In  Fig.  2-3  and  Fig.  2-4. 

Only  those  associative  sections  whose  M response  store  bits 
are  set  will  participate  in  this  Instruction.  Only  those 
associative  memory  modules  which  are  selected  by  the  Array 
Select  register  (AS)  will  participate  In  this  Instruction. 


Label 

Command 

Argument 

Symbol 

DVCUMA 

al,  a2 

Any  valid  symbol  or  blank. 


DVCUMA 

Two  entries  are  required.  The  first  entry  points  to  the 
words  mod-64  whose  upper  32  bits  are  the  dividends.  The 
second  entry  points  to  the  words  mod-64  whose  upper  32 
bits  are  the  remainders  and  whose  lower  32  bits  are  the 
quotients. 

al  and  a2  are  the  numbers  between  0 and  255. 

(1)  This  Instruction  is  the  same  as  the  instruction  DVCUM 
except  that  it  loads  the  arguments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(3)  The  following  addresses  in  the  sections  which  participate 
in  the  instruction  must  be  preset  to  the  values  indicated 
and  can  not  be  used  as  operands. 

(4’F6’)  ■=  X'OOOO  0001  0000  0000' 

OC'FB')  ° X'7FFF  FFFF  7FFF  FFFF' 

(X'FE')  = X'7FFF  FFFF  FFFF  FFFF’ 

OC'FF')  = X'FFFF  FFFF  0000  0000' 

(4)  The  addresses  of  al  and  a2  can  have  the  same  value. 

(5)  Before  the  instruction  is  called,  the  registers  AS  and 
M must  be  set  properly. 

(6)  The  addresses  X'F4’,  X'F5',  X'FA',  X'FC'  and  X'FD'  are 
used  for  temporary  storage.  If  any  of  these  addresses  is  used 
as  an  operand,  the  content  will  be  destroyed. 

(7)  The  field  pointers  FP3  and  FP2  are  used. 
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DVCUf 


FOmT 

• label 

• COMMAND 

• ARGUMENT 
NOTES 


Divide  words  by  the  Common  Register  In  mixed  mode  mod-64 
(Fixed-Point) 

This  Instruction  will  divide  the  lower  32  bits  of  the  words 
mod-64  pointed  to  by  FP3  by  the  32-blt  common  register  and 
store  the  resultant  32-blt  remainders  and  the  32-blt  quotients 
Into  the  words  mod-64  pointed  to  by  FP2.  The  addresses  are 
based  on  the  mixed  mode  mod-64,  as  shown  In  Fig.  2-3  and 
Fig.  2-4.  Only  those  associative  sections  whose  M ..espouse 
store  bits  are  set  will  participate  In  this  Instruction.  Only 
those  associative  memory  modules  which  are  selected  by  the 
Array  Select  register  (AS)  will  participate  In  this  instruction. 


Label 

Command 

Argument 

Symbol 

DVCLM 

Blank 

Any  valid  symbol  or  blank. 

DVCLM 

Blank 

(1)  The  response  store  registers  X and  Y In  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS)  are 
used. 

C2^  The  following  addresses  In  the  sections  which  participate 
in  the  Instruction  must  be  preset  to  the  values  Indicated  and 
can  not  be  used  as  operands. 

0C’F6')  X'OOOO  0001  0000  0000' 

(X'FB')  - X'7FFF  FFFF  7FFF  FFFF’ 

(X’FE')  - X'7FFF  FFFF  FFFF  FFFF' 

OC'FF')  » X'FFF?  FFFF  0000  0000' 

(3)  The  addresses  of  FF2  and  FP3  can  have  the  same  values. 

(4)  Before  the  Instruction  Is  called,  the  registers  AS,  M, 

FP3  and  FP2  must  be  set  properly. 

(5)  The  addresses  X’F4’,  X'F5',  X'FA',  X'FC',  and  X'FD’  are 
used  for  temporary  storage.  If  any  of  these  addresses  Is  used 
as  an  operand,  the  content  will  be  destroyed. 
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EXAMPLE 


Assume  AS  ••  X*8000  0000' 

FP3  » X*03' 

FP2  - X'lO’ 

C - X'OOOO  0007' 

and  M Is  as  shown  in  the  tables,  ! 

then  the  instruction  DVCLM  has  the  effect  as  shown  in  the  1 

following  tables.  ‘ 

(1)  In  Section  0,  76  t 7 *•  R6  QIO  j 

(2)  In  Section  1,  no  operation  | 

C3)  In  Section  2,  -97  r 7 ■>  R-6  Q-13  ; 

(4)  In  Section  3,  18  4 7 « R4  Q2  ] 

Note  that  those  memory  locations  which  are  not  sho\m  or  are  ? 

left  blank  are  not  changed.  ’ | 


i I 

I 

ii 

i 


Section 


DVCLM/V 


format 

• y,ABKT. 

• COMMAND 

• ARGUMENT 

• • al«  a2 
MOTES 


Divide  words  by  the  Connnon  Register  In  mixed  mode  mod-64 
CFlxed-Point) 

This  Instruction  will  divide  the  lower  32  bits  of  the  words 
mod-64  pointed  to  by  al  by  the  32-blt  Common  register  and 
store  the  resultant  32-blt  remainders  and  the  32-hit  quotients 
Into  the  words  mod-64  pointed  to  by  a2.  The  addresses  are  based 
on  the  mixed  mode  mod-64,  as  shown  in  Fig.  2-3  and  Fig.  2-4. 
Only  those  associative  sections  whose  M response  store  bits 
are  set  will  participate  in  this  instruction.  Only  those 
associative  memory  modules  which  are  selected  by  the  Array 
Select  register  CAS)  will  participate  In  this  instruction. 


Label 

Command 

Argument 

Symbol 

DVCLMA 

al,  a2 

Any  valid  symbol  or  blank. 


DVCLMA 

Two  entries  are  required.  The  first  entry  points  to  the 
words  mod-64  whose  lower  32  bits  are  the  dividends.  The 
second  entry  points  to  the  words  mod-64  whose  upper  32  bits 
are  the  remainders  and  lower  32  bits  are  the  quotients. 

al  and  a2  are  the  numbers  between  0 and  255. 

(1)  This  instruction  Is  the  same  as  the  Instruction  DVCLH 
except  that  it  loads  the  argtiments  to  the  field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register  (AS) 
are  used. 

(3)  The  follovdng  addresses  in  the  sections  which  participate 
In  the  instruction  must  be  preset  to  the  values  indicated 
and  can  not  be  used  as  operands . 

(X’F6’)  «=  X'OOOO  0001  0000  0000' 

CX*FB')  ■=  X'7FFF  FFFF  7FFF  FFFF' 

CX'FE')  = X'7FrF  FFFF  FFFF  FFFF' 

CX'FF')  » X'FFFF  FFFF  0000  0000' 

C4)  The  addresses  of  al  and  a2  can  have  the  sam-'  value. 

C5)  Before  the  instruction  is  called,  the  registers  AS  and 
M must  be  set  properly. 

(6)  The  addresses  X'F4',  X’F5',  X'FA',  X'FC'  and  X'FD'  are 
used  for  temporary  storage.  If  any  of  these  addresses  is 
used  as  an  operand,  the  content  will  be  destroyed. 

(7)  The  field  pointers  FP3  and  FP2  are  used. 
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Mixed  Mode 
SEARCH 

Instructions 


This  group  of  Instructions  allows  the  programner  to  perform 
the  search  operation  between  words  mod-32,  and  between  the 
Common  Register  with  words  mod-32.  The  most  significant  bits 
of  all  words  mod-32  are  considered  to  be  the  sign  bits. 


Mnemonic 


EQWM 

EQUMA 


EQCM 

EQCMA 


NEWM 

NEWMA 


NECM 

NECMA 


GTWM 

GTWMA 


GTCM 

GTCMA 


GEWM 

GEWMA 


GECM 

GECMA 


LTWM 

LTWMA 


LTCM 

LTCMA 


LEWM 

LEWMA 


LECM 

LECMA 


Operation 


Words  mod-32  Equal  to  words  mod-32  In 
Mixed  Mode 


Words  mod-32  Equal  to  Common  Register  In 
Mixed  Mode 


Words  mod-32  NOT  equal  to  words  mod-32  In 
Mixed  Mode 


Words  mod-32  NOT  Equal  to  Common  Register 
in  Mixed  Mode 


Words  mod-32  Greater  than  words  mod-32  In 
Mixed  Mode 


Words  mod-32  Greater  than  Common  Register 
in  Mixed  Mode 


Words  mod-32  Greater  than  or  Equal  to 
Words  mod-32  in  Mixed  Mode 


Words  mod-32  Greater  than  or  Equal  to 
Common  Register  in  Mixed  Mode 


Words  mod-32  less  than  words  mod-32  in 
Mixed  Mode 


Words  mod-32  less  than  Common  Register  In 
Mixed  Mode 


Words  mod-32  less  than  or  equal  to  words 
mod-32  in  Mixed  Mode 


Words  mod-32  less  than  or  equal  to 
Common  Register  In  Mixed  Mode 


EQWM 

Conditions 


Format 

• Label 

• Command 

• Argument 
Notes 


Example 


Words  mod-32  equal  to  words  mod-32  In  Mixed  Mode  (Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 
if,  the  following  is  true: 

(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) 

C2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  FP3  equals  the  word  mod-32  pointed  to  by  FPl  in 
the  same  section.  The  addresses  are  based  on  the  mixed 
mode  mod-32  (fig.  2-1  and  2-2), 


Label 

Command 

Argument 

Symbol 

EQm 

Blank 

Any  valid  symbol  or  blank. 

EQWM 

Blank 

Cl)  The  response  store  register  Y In  the  associative  memory 
modules  selected  by  the  Array  Select  register  (AS)  are  used. 

(2)  The  addresses  of  PP3  and  FPl  can  have  the  same  values. 

(3)  Before  this  Instruction  is  called,  the  register  AS,  M, 
FP3  and  FPl  must  be  set  properly. 

Assume  AS  = X‘8000  0000’ 

FP3  » X'4l' 

FPl  = X'A4’ 

and  M Is  as  shovm  In  the  tables, 

then  the  instruction  EQIM  has  the  following  operations: 


(1) 

In 

Section 

0, 

3 “ 3 Is  true 

(2) 

In 

Section 

1, 

21  *=  -3  is  false 

(3) 

In 

Section 

2. 

no  operation;  Y 

bits 

are 

set 

to 

O's 

C4) 

In 

Section 

3, 

no  operation;  Y 

bits 

are 

set 

to 

O's 

(5) 

In 

Section 

4, 

no  operation;  Y 

bits 

are 

set 

t 'i 

O’s 

(6) 

In 

Section 

5. 

-2  «=  -2  is  true 

(7) 

In 

Section 

6, 

9 “ 7 Is  false 

C8) 

In 

Section 

7, 

no  operation;  Y 

bits 

are 

set 

to 

O's 

Note  that  those  memory  locations  which 

are 

not 

shown  or 

are  left  blank  are  not  changed. 


14-2-126 


Section  3 Section 


EQWMA  Words  Mod-32  Equal  To  Words  Mod-32  In  Mixed  Mode 

(Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 
I’s  for  each  section  of  associative  memory  if,  and 
only  if,  the  following  is  true: 


Conditions 


(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS). 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  point- 
ed to  by  aj^  equals  the  word  mod-32  pointed  to  be 

a_  in  the  same  section.  The  addresses  are  based  on 
tne  mixed  mode  mod-32.  (Fig.  2-1  and  Fig.  2-2). 


Format 

Label 

Command 

Argument 

Symbol 

EQWMA 

A .a 

1’  2 

. Label  Any  valid  symbol  or  blank. 


. Command  EQWMA 


. Argument  Two  entries  are  required.  Both  entries  represent  words 

mod-32  in  associative  memory  that  are  compared  with  each 
other. 


Notes 


a^  and  a^  are  the  numbers  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  instruction 
EQWM,  except  that  it  loads  the  arguments  to  the 
field  pointers. 

(2)  The  response  store  register  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register 
(AS)  are  used. 

(3)  The  addresses  of  a^^  and  have  the  same  values. 

(4)  Before  the  instruction  is  called,  the  registers  AS 
and  M must  be  set  properly. 

(5)  The  field  pointers  FP3  and  FPl  are  used. 
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EQCM 


Words  Mod-32  Equal  To  Common  Register  In  Mixed  Mode 
(Fixed-Point) 


Conditions 


This  instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 
if,  the  following  is  true. 

(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) . 

(2)  The  M response  store  bits  are  set  for  the  particular 
section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  FP3  equals  the  Common  register.  The  addresses 
are  based  on  the  mixed  mode  mod-32. 


Format 

Label  I 

Command 

Argument 

Symbol  | 

EQCM 

Blank 

. Label 

Any  valid  symbol 

or  blank. 

. Command 

EQCM 

. Argument 

Blank 

Notes 


Example: 


(1)  The  response  store  register  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register 
(AS)  are  used. 

(2)  Before  this  instruction  is  called,  the  register  AS, 
M,  and  FF3  must  be  set  properly. 

Assume  AS  = X'8000  0000' 

FP3  *=  X'05' 

C » X'OOOO  0003' 

and  M is  as  shown  in  the  tables,  the  the  instruction 
EQCM  has  the  following  operations. 


(1) 

In  Section 

0. 

5=5  is  true 

(2) 

In  Section 

1. 

no  operation 

(3) 

In  Section 

2, 

29  = 5 is  false 

(A) 

In  Section 

3, 

5=5  is  true 

(5) 

In  Section 

A. 

no  operation 

(6) 

In  Section 

5, 

-5=5  is  false 

(7) 

In  Section 

6. 

no  operation 

(8) 

In  Section 

7. 

no  operation 

Note 

that  those 

memory  locations  which  are  not  shown 

or  are  left  blank  are  not  changed. 


Section  7 | Section  6 


EqCMA 

Conditions 


Fonoat 

. Label 
. Command 
. Argument 

..  a 

Notes 


Words  Mod-32  Equal  To  Common  Register  In  Mixed  Mode. 

(Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 

I's  for  each  section  of  associative  memory.  If,  and  only 

if,  the  following  is  true. 

(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS). 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  a equals  the  Common  register.  The  address 
are  based  on  Che  mixed  mode  mod-32. 


Label 

Command 

Argument 

Symbol 

EQCMA 

a 

Any  valid  symbol 

or  blank. 

EQCMA 

One  entry  is  required.  This  entry  represents  words 

mod-32  in  associative  memory  chat  are  compared  with  the 

Common  register. 

a is  a number  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  instruction 
EQCM,  except  that  it  loads  the  argument  to  the 
field  pointer. 

(2)  The  response  store  register  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register 
(AS)  are  used. 

(3)  Before  this  instruction  is  called,  the  registers 
AS  and  M must  be  set  properly. 

(4)  The  field  pointer  FP3  is  used. 
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HEWM  Words  Mod-32  Not  Equal  To  Words  Mod-32  In  Mixed  Mode. 

(Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 

I's  for  each  section  of  associative  memory  if,  and  only 

If,  the  following  is  true. 

Conditions  (1)  The  particular  array  which  this  section  is  in  is 

enabled  by  the  Array  Select  register  (AS) . 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  FP3  is  not  equal  to  the  word  mod-32  pointed  to 
by  FPl  in  the  same  section.  The  addresses  are  based 
on  the  mixed  mode  mod-32.  (Fig.  2-1  and  Fig.  2-2) 


Format 

Label  Command  Argument 

Symbol  NEWM  Blank 

. Label 

Any  valid  symbol  or  blank. 

. Connnand 

NEWM 

. Argument 

Blank 

Notes 

(1)  The  response  store  register  Y in  the  associative 

memory  modules  selected  by  the  Array  Select  register 
(AS)  are  used. 

(2)  The  addresses  of  FP3  and  FPl  can  have  the  same  values 

(3)  Before  the  instruction  is  called,  the  registers  AS, 

M,  FP3  and  FPl  must  be  set  properly. 

Example 

Assume  AS  ■=  X'8000  0000' 

FP3  = X'22' 


FPl  ■=  X'A5' 

and  M is  as  shown  in  the  tables,  then  the  instruction 
NEWM  has  the  following  operations. 

(1)  In  Section  0,  7 j*  7 is  false 

(2)  In  Section  1,  9 32  is  true 

(3)  In  Section  2,  no  operation 

(A)  In  Section  3,  -2  2 is  true 

(5)  In  Section  A,  -A  ^ -5  is  true 

(6)  In  Section  5,  no  operation 

(7)  In  Section  6,  no  operation 

(8)  In  Section  7,  7 = -1  is  true 

Note  that  those  memory  locations  which  are  not  shown  or 
left  blank  are  not  changed. 
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Section  1 Section 


1 I 


NEWMA 


Conditions 


Words  Mod-32  Not  Equal  To  Words  Mod-32  In  Mixed  Mode 
(Fixed-Point) 

This  instruction  will  set  the  Y response  store  to  I's 
for  each  section  of  associative  memory  if,  and  only  if, 
the  following  is  true. 

(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) . 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  is  not  equal  to  the  word  mod-32  pointed 

to  by  ^2  same  section.  The  addresses  are 

based  on  the  mixed  mode  mod-32.  (Fig.  2-1  and 
Fig.  2-2) 


Format 

Label 

Command 

Argument 

Symbol 

NEWMA 

®1*  *2 

. Label 
. Command 
. Argument 


,.  a^.aj 


Notes 


Any  valid  symbol  or  blank. 

NEWMA 

Two  entries  are  required.  Both  entries  represent  words 

mod-32  in  associative  memory  that  are  compared  with  each 

other. 

a^  and  numbers  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  instruction 
NEWMA,  except  that  it  loads  the  arguments  to  field 
pointers. 

(2)  The  response  store  register  Y in  the  associative 
memory  modules  selected  by  Che  Array  Select 
register  (AS)  are  used. 

(3)  The  addresses  of  and  have  the  same  values. 

(4)  Before  the  instruction  is  called,  the  registers  AS 
and  M must  be  set  properly. 


(5)  The  field  pointers  FP3  and  FPl  are  used. 


MECM 

Conditions 


Format 

. Label 
. Command 
. Argument 
Notes 

Example: 


Words  Mod-32  Not  Equal  To  Common  Register  In  Mixed  Mode 

(Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 

I's  for  each  section  of  associative  memory  if,  and  only 

If,  the  following  Is  true. 

(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS). 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  FP3  is  not  equal  to  the  Common  Register.  The 
addresses  are  based  on  the  mixed  mode  mod-32. 


Label 

Command 

Argument 

Symbol 

NECM 

Blank 

Any  valid  symbol  or  blank 
NECM 


Blank 

(1)  The  response  store  register  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register 
(AS)  axe  used. 

(2)  Before  the  Instruction  is  called,  the  registers  AS, 

M and  FP3  must  be  set  properly. 


Assume  AS  • X'8000  0000' 

FP3  - X'06' 

C - » X'OOO  0005' 

and  M is  as  shown  in  the  tables,  then  the  instruction 
NECM  has  the  following  operations. 


(1) 

In 

Section 

0 

(2) 

In 

Section 

1 

(3) 

In 

Section 

2 

(4) 

In 

Section 

3 

(5) 

In 

Section 

4 

(6) 

In 

Section 

5 

(7) 

In 

Section 

6 

(8) 

In 

Section 

7 

2^5  is  true 
5 T*  5 is  false 
no  operation 
no  operation 
-245  is  true 
no  operation 
no  operation 
5 5 is  false 


Note  that  those  memory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 
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Section  3 Section  2 


Seceion  7 I Section 


NEQIA 

Conditions 


Format 

. Label 
, Command 
. Argument 

..  a 

Notes 


Words  Mod-32  Not  Equal  To  Common  Register  In  Mixed 
Mode,  (Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 
1*8  for  each  section  of  associative  memory  if,  and  only 
if,  the  following  Is  true. 

(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) . 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  a is  not  equal  to  Che  Common  register.  The 
addresses  are  based  on  the  mixed  mode  mod-32. 


Label 

Command 

Argument 

Symbol 

ITJCMA 

a 

Any  valid  symbol  or  blank 

NECMA 

One  entry  is  required.  This  entry  represents  words  mod-32 

in  associative  memory  that  are  compared  with  the  Common 

register. 

a is  a number  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  instruction 
NECM,  except  that  it  loads  the  argument  to  the 
field  pointer. 

(2)  The  response  store  register  Y in  the  associative 
memory  modules  selected  by  the  Array  Select  register 
(AS)  are  used. 

(3)  Before  the  instruction  is  called,  the  registers 
AS  and  M must  be  set  properly. 

(4)  The  field  pointer  FP3  is  use<^. 
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GTWM  Words  Mod-32  Greater  Than  Words  Mod-32  In  Mixed  Mode 

(Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to  I's 
for  each  section  of  associative  memory  if,  and  only  if, 
the  following  is  true: 

Conditions  (1)  The  particular  array  which  which  this  section  is  in 

is  enabled  by  the  Array  Select  register  (AS) . 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  nod-32  pointed 
to  by  FP3  is  greater  than  the  word  inod-32  pointed 
to  by  FPl  in  the  same  section.  The  addresses  are 
based  on  the  mixed  mode  mod-32.  (Fig.  2-1  and  Fig. 
2-2), 


Format 

Label 

Command 

Argument 

Symbol 

GTWM 

Blank 

. Label  Any  valid  symbol  or  blank 


. Command  GTWM 

. Argument  Blank 

Motes  (1)  The  response  store  registers  X and  Y in  the  associative 

memory  modules  selected  by  the  Array  Select  register 
(AS)  are  used. 

(2)  The  addresses  of  FP3  and  FPl  can  have  the  same  values. 

(3)  Before  the  Instruction  is  called,  the  registers  AS, 

M,  FP3  and  FPl  must  be  set  properly. 

(4)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  address  can  not  be  used 
as  an  operand. 

Example:  Assume  AS  X'8000  0000* 

FP3  = X'lO' 

FPl  = X'33' 

and  M is  as  shown  in  the  tables,  then  t..e  instruction 

GTWM  has  the  following  operations. 

(1)  In  Section  0,  9 > 2 is  true 

(2)  In  Section  1,  no  operation 

(3)  In  Section  2,  no  operation 

(4)  In  Section  3,  -3  > 5 is  true 

(5)  In  Section  4,  -2  > 6 is  false 


i 

I 


F 
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(6)  In  Section  5,  4 > 8 Is  false 

(7)  In  Section  6,  no  operation 

(8)  In  Section  7,  1 > -4  Is  true 


Note  that  those  memory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 


i. 


f 


I 

a 
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Section  5 Section 


Before  Execution 


After  Execution 


CTWMA  Words  Mod-32  Greater  Than  Words  Mod-32  In  Mixed  Mode 

(Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 


if. 

the  following  is  true. 

Conditions 

(1) 

The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) . 

(2) 

Tlie  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3) 

The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  is  greater  than  the  word  mod-32  pointed  to 
by  a.  in  the  same  section.  The  addresses  are  based 
on  the  mixed  mode  mod-32.  (Fig.  2-1  and  Fig.  2-2) 

Format 

Label 

Command 

Argument 

Symbol 

GTWMA 

ti. 

. Label 

Any  valid  symbol 

or  blank 

. Command 

GTWMA 

. Argument  Two  entries  are  required.  Both  entries  represent  words 

mod-32  in  associative  memory  that  are  compared  with  each 
other. 


Notes 


a^  and  82  are  the  numbers  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  instruction 
GTWM,  except  that  it  loads  the  arguments  to  the 
field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(3)  The  addresses  of  a^^  and  a2  can  have  the  same  values. 

(4)  Before  the  instruction  is  called,  the  registers,  AS 
and  M must  be  set  properly. 

(5)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X’7FFF  FFF'  and  this  address  can  not  be  used 
as  an  operand. 

(6)  The  field  pointers  FP3  and  FPl  are  used. 
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GTCM 


Words  Mod-32  Greater  Than  Common  Register  In  Mixed  Mode 
(Fixed-Point) 


This  instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 
if,  the  following  is  true: 


Conditions 


(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS). 

(2)  The  M response  store  bits  are  set  to  l*s  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  be  FP3  is  greater  than  the  Common  register.  The 
addresses  are  based  on  the  mixed  mode  mod- 32. 


Format 

Label 

Command 

Argument 

Symbol 

GTCM 

Blank 

. Label  Any  valid  symbol  or  blank 


. Command  CTCM 


. Argument 
Notes 


Eicample 


Blank 

(1)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(2)  Before  the  instruction  is  called,  the  registers  AS, 
M and  FP3  must  be  set  properly. 

(3)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  address  cannot  be  used 
as  an  operadn. 

Assume  AS  •=  X'8000  0000' 
rP3  » X'07' 

C » X'OOOO  0010' 

and  M is  as  shown  in  the  following  table,  then  the 

Instruction  GTCM  has  the  following  operations. 


(1) 

In 

Section 

0, 

19 

> 16 

is 

true 

(2) 

In 

Section 

1, 

16 

> 16 

is 

false 

(3) 

In 

Section 

2. 

-3 

> 16 

is 

false 

(A) 

In 

Section 

3, 

no 

operation 

(5) 

In 

Section 

A, 

3 : 

> 16 

is 

false 
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(6)  In  Section  5 

(7)  In  Section  6 

(8)  In  Section  7 


no  operation 
no  operation 
256  > 16  Is  true 


Note  that  those  memory  locations  which  are  not 
shown  or  arc  left  blank  are  not  changed. 


Section  3 Section 


GTCMA 


Words  Mod-32  Greater  Than  Common  Register  In  Mixed  Mode 
(Fixed-Point) 


This  Instruction  will  set  the  Y response  store  bits  to  I's 
for  each  section  of  associative  memory  If,  and  only  If, 
the  following  Is  true: 


Conditions 

(1) 

The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) . 

(2) 

The  M response  store  bits  are  set  to  I’s  for  the 
particular  section  participating  in  the  search. 

(3) 

The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  a is  a greater  than  the  Common  register.  The 
addresses  are  based  on  the  mixed  mode  mod-32. 

Format 

Label 

Command 

Argument 

Symbol 

GTCMA 

_a 

. Label  Any  valid  symbol  or  blank. 


. Command 
. Argument 


Notes 


GTCMA 

One  entry  Is  required.  This  entry  represents  the  words 

mod-32  that  are  compared  with  the  Common  register. 

a is  a number  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  instruction 
GTCM,  except  that  it  loads  the  argument  to  a field 
pointer. 

(2)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(3)  Before  the  instruction  is  called,  the  registers  AS 
and  M must  be  set  properly. 

(4)  The  associative  array  address  X'FB*  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF*  and  this  address  can  not  be 
used  as  an  operand. 

(5)  The  field  pointer  FP3  is  used. 
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CEUM  Vords  Mod-32  Greater  Than  Or  Equal  To  Words  Mod-32  In 

Mixed  Mode  (Fixed-Point) 

This  Instruction  will  set  the  Y response  store  bits  to 
1*8  for  each  section  of  associative  memory  if,  and  only 


If. 

the  following  Is  true: 

Conditions 

(1) 

The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS). 

(2) 

The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3) 

The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  FP3  Is  greater  than  or  equal  to  the  word 
iiiod-32  pointed  to  by  FPl  in  the  same  section.  The 
addresses  are  based  on  the  mixed  mode  mod-32  (Fig. 
2-1  and  Fig.  2-2) . 

Format 

Label 

Command 

Argument 

Symbol 

GEWM 

Blank 

. Label 

Any  valid  symbol  or  blank. 

. Command 

GEWM 

. Argument 

Blank 

Notes 

(1)  The  response 

store  registers  X 

and  Y in  the  assocla' 

tlve  memory  modules  selected  by  the  Array  Select 
register  (AS)  are  i.sed. 


(2)  The  addresses  of  FP3  and  FPl  can  have  the  same  values. 

(3)  Before  the  instruction  is  called,  the  registers  AS, 

M,  FP3  and  FPl  must  be  set  properly. 

(4)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF‘  and  the  address  cannot  be  used 
as  an  operand. 

Example:  Assume  AS  ° X'8000  0000* 

FP3  = X'07' 

FPl  >=  X*26' 

and  M is  as  shown  in  the  tables,  then  the  instruction 

GEWM  has  the  following  operations: 


(1) 

In 

Section 

0, 

5^2  is  true 

1 

1 

(2) 

In 

Section 

1. 

19  >_  19  is  true 

(3) 

In 

Section 

2. 

-2^3  is  false 

(4) 

In 

Section 

3, 

no  operation 

(5) 

In 

Section 

4, 

no  operation 

I 

-A 
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1 

1 


(6)  In  Section  5,  -4^-5  Is  true 

(7)  In  Section  6,  2^-1  Is  true 

(8)  In  Section  7,  -4^-2  Is  true 

Note  that  those  menory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 


GEWMA 

Conditions 


Format 

. Label 
. Command 
. Argument 

Notes 


Words  Mod-32  Greater  Than  Or  Equal  To  Words  Mod-32  In 
Mixed  Mode  (Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 
if,  the  following  is  true: 

(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) . 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  is  greater  than  or  equal  to  the  word  nod-32 
pointed  to  by  a2  in  the  same  section.  The  addresses 
are  based  on  the  mixed  mode  mod-32.  (Fig.  2-1  and 
Fig.  2-2.) 


Label 

Command 

Argument 

Symbol 

GEWMA 

«!.  02 

Any  valid  symbol  or  blank 


GEWMA 

Two  entries  are  required.  Both  entries  represent  the 

words  mod-32  that  are  compared  with  each  other. 

(1)  This  instruction  is  the  same  as  the  Instruction 
GEWM,  except  that  it  loads  the  argument  to  the 
field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(3)  The  addresses  of  a^^  and  a2  can  have  the  same  values. 

(4)  Before  the  Instruction  is  called,  the  registers  AS, 
and  M must  be  set  properly. 

(5)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruct  on  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  address  cannot  be  used 
as  an  operand. 

(6)  The  field  pointers  FP3  and  FPl  are  used. 
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GECM 

Conditions 


Format 

. Label 
. Command 
. Argument 
Motes 


Example: 


Words  Mod-32  Greater  Than  Or  Equal  To  Common  Register  In 
Mixed  Mode  (Fixed-Point) 

This  instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 
if,  the  following  is  true: 

(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) . 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  FP3  is  greater  than  or  Equal  to  the  Conanon 
register.  The  addresses  are  based  on  the  mixed  mode 
mod-32. 


Label 

Command 

Argument 

Symbol 

GECM 

Blank 

Any  valid  symbol  or  blank. 

GECM 

Blank 

(1)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(2)  Before  the  instruction  is  called,  the  register  AS, 

M and  FP3  must  be  set  properly. 

(3)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set ot  X'7FFF  FFFF'  and  this  address  cannot  be  used 
as  an  operand. 

Assume  AS  *=  X'8000  0000' 

FP3  •=  X'02' 

C - X'OOOO  0002' 

and  M is  as  shown  in  the  following  tables,  then  the 

instruction  GECM  has  the  following  operations: 


(1) 

In 

Section 

0 

(2) 

In 

Section 

1 

(3) 

In 

Section 

2 

(A) 

In 

Section 

3 

(5) 

In 

Section 

4 

no  operation 
2^2  is  true 
17  ^ 2 is  true 
no  operation 
0 > 2 is  false 
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(6)  In  Section  5,  -1^2  Is  false 

(7)  In  Section  6,  5 > 2 Is  true 

(8)  In  Section  7,  -2^2  Is  false 


Note  that  those  memory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 


I. 


f 

f 


GECMA 


Words  Mod-32  Greater  Than  Or  Equal  To  Commor  Register 
In  Mixed  Mode  fFlxcd-Polnt) 


This  Instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  If,  and  only 
if,  the  following  Is  true: 


Conditions  (1)  The  particular  array  which  this  section  Is  In  Is 

enabled  by  the  Array  Select  register  (AS). 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  In  the  search. 


(3)  The  search  criteria  Is  met;  the  word  mod-32  pointed 
to  by  a Is  greater  than  or  equal  to  the  Common 
register.  The  addresses  are  based  on  the  mixed 
node  mod-32. 


Format 

Label 

Command 

Argument 

Symbol 

GECMA 

a 

. Label  Any  valid  symbol  or  blank. 

. Command  GECMA 


. Argument 

..  a 

Motes 

I 


I 

I ! 


One  entry  Is  required.  This  entry  represents  the  words 

mod-32  that  are  compared  with  the  Common  register. 

a Is  a number  between  0 and  2.SS, 

(1)  This  Instruction  Is  the  same  as  the  Instruction 
GECM,  except  that  It  loads  the  argument  to  a field 
pointer. 

(2)  The  response  store  registers  X and  Y In  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)-  are  used. 

(3)  Before  the  Instruction  Is  called,  the  registers  AS, 
and  M must  be  set  properly. 

(4)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  address  cannot  be  used 
as  an  operand. 

(5)  The  field  pointer  FP3  is  used. 
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1 


1 


LTWM 


Conditions 


Notes 


Example: 


Words  Mo''-32  Less  Tham  Words  Mod-32  In  Mixed  Mode 
(Fixed-Point) 


This  instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  If,  and  only 
If,  the  following  Is  true: 


(1)  The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS) . 


« I 

* i 


(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 


(3) 


The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  FP3  is  less  than  the  word  mod-32  pointed  to 
by  FFl  in  the  same  section.  The  address  are  based 
on  the  mixed  mode  mod-32  (Fig.  2-1  and  Fi.  2-2). 


Format 

Label 

Command 

Argument 

Symbol 

LTWM 

Blank 

. Label 

Any  valid  symbol 

or  blank. 

. Command 

LTWM 

. Argument 

Blank 

(1) 


The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 


(2)  The  addresses  of  FP3  and  FPl  can  have  the  same  values. 


(3)  Before  the  Instruction  is  called,  the  registers  AS, 
M,  FP3  and  FPl  must  be  set  properly. 


(A) 


The  associative  array  address  X'FB'  is  the  sections 
which  participate  in  this  Instruction  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  address  cannot  be  used 
as  an  operand. 


Assume  AS  » X'8000  0000' 

FP3  » X'04' 

FPl  " X'67' 

and  M is  as  shown  in  the  following  tables,  then  the 
instruction  LTWM  has  the  following  operations. 


(1) 

In 

Section 

0, 

9 

< 3 Is  false 

(2) 

In 

Section 

1. 

-5 

< -2  Is  true 

(3) 

In 

Section 

2, 

5 

< 16  is  true 

(4) 

In 

Section 

3. 

no 

operation 

(5) 

In 

Section 

A, 

no 

operatl on 
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LTWMA 


Conditions 


Word  Mod-32  Less  Than  Words  Mod-32  In  Mixed  Mode 
(Fixed-Point) 

This  Instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  If,  and  only 
if,  the  following  Is  true: 

(1)  The  particular  array  which  this  section  Is  In  Is 
enabled  by  the  Array  Select  register  (AS). 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  In  the  search. 

(3)  The  search  criteria  Is  met;  the  word  mod-32  pointed 
to  by  a.  Is  less  than  the  word  mod-32  pointed  to  by 
a.  In  the  same  section.  The  addresses  are  based  on 
the  mixed  mode  mod-32.  (Fig.  2-1  and  Fig.  2-2) 


Format 

Label 

Command 

Argument 

Symbol 

LTWMA 

fi’  h. 

. Label 
• Command 
. Argument 

..  a^,  a^ 
Notes 


Any  valid  symbol  or  blank. 

LTWMA 

Two  entries  are  required.  Both  entries  represent  the 

words  mod-32  that  are  compared  with  each  other. 

and  a^  are  the  number  between  0 and  255. 

(1)  This  Instruction  Is  the  same  as  the  Instruction 
LTWM,  except  that  It  loads  the  arguments  to  the 
field  pointers. 

(2)  The  response  store  registers  X and  Y In  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(3)  The  addresses  of  a^  and  a2  can  have  the  same  values. 

(4)  Before  the  Instruction  Is  called,  the  registers  AS 
and  M must  be  set  properly. 

(5)  The  associative  address  X'FB'  In  the  sections  which 
participate  In  this  Instruction  must  be  preset  to 
X'7FFF  FFFF'  and  this  address  cannot  be  used  as  an 
operand. 


(6)  The  field  pointers  FP3  and  FPl  are  used. 
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LTCM 


Words  Mod-32  Less  Than  Common  Register  In  Mixed  Mode 
(Fixed-Point) 


This  instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 


if. 

the  following  is  true: 

Conditions 

(1) 

The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS). 

(2) 

The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3) 

The  search  criteria  is  met;  the  word  nod-32  pointed 
to  by  FP3  is  less  than  the  Common  register.  The 
addresses  are  based  on  the  mixed  mode  mod-32. 

Format 

Label 

Command 

Argument 

Symbol 

LTCM 

Blank 

. Label 

Any  valid  symbol 

or  blank. 

. Command 

LTCM 

. Argument 

Blank 

Notes 


Example 


(1)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(2)  Before  the  instruction  is  called,  the  registers  AS, 

M and  FP3  must  be  set  properly. 

(3)  The  associative  array  address  X'FB*  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  address  cannot  be  used 
as  an  operand. 

Assume  AS  = X'8000  0000' 

FP3  = X'OA' 

C » X’OOOO  0004' 

and  M is  as  shown  in  the  following  tables,  then  the 

instruction  LTCM  has  the  following  operations. 


(1) 

In 

Section 

0 

(2) 

In 

Section 

1 

(3) 

In 

Section 

2 

(4) 

In 

Section 

3 

(5) 

In 

Section 

4 

9 < 4 is  false 
-5  < 4 is  true 
1 < 4 is  true 
no  operation 
no  operation 


(6)  In  Section  5,  -16  < A is  true 

(7)  In  Section  6,  A < A is  false 

(8)  In  Section  7,  no  operation 


Section  3 I Section  2 


LTCMA 

Conditions 


Format 

. Label 
. Command 
. Argument 

..  a 

Notes 


Words  Mod-32  Less  Than  Common  Register  In  Mixed  Mode 
(Fixed-Point) 

This  Instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  If,  and  only 
if,  the  following  Is  true: 

(1)  The  particular  array  which  this  section  Is  in  Is 
enabled  by  the  Array  Select  register  (AS) . 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  In  the  search. 

(3)  The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  a is  less  than  the  Common  register.  The  add- 
resses are  based  on  the  mixed  mode  mod-32. 


Label 

Command 

I Argument 

Symbol 

LTCMA 

1 — 

Any  valid  symbol  or  blank 

LTCMA 

One  entry  is  required.  This  entry  represents  the  words 

mod-32  that  are  compared  with  the  Common  register. 

a Is  a number  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  Instruction 
LTCM,  except  that  it  loads  the  argument  to  a field 
pointer. 

(2)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(3)  Before  the  instruction  is  called,  the  registers  AS 
and  M must  be  set  properly. 

(4)  The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  preset 
to  X'7FFF  FFFF'  and  this  address  cannot  be  used  as 
an  operand. 

(5)  The  field  pointer  FP3  is  used. 
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LEHM 


Words  Mod-32  Less  Than  Or  Equal  To  Words  Mod-32  In 
Mixed  Mode  (Fixed-Point) 


f 


T 


I 


r: 


This  Instruction  will  set  the  Y response  store  bits  to  | 

I's  for  each  section  of  associative  memory  If,  and  only  i 

If,  the  following  la  true:  I 

The  particular  array  which  this  section  is  in  Is  | 

enabled  by  the  Array  Select  register  (AS). 

The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  In  the  search. 

The  search  criteria  Is  met;  the  word  mod-32  pointed  ^ 

to  by  FF3  is  less  than  or  equal  to  the  word  mod-32 
pointed  to  by  FPl  In  the  same  section.  The  addresses 
are  based  on  the  mixed  mode  mod-32.  (Fig.  2-1  and  j 

Fig.  2-2)  * 


Format 

Label 

Command 

Argument 

Symbol 

LEWM 

Blank 

. Label 

Any  valid  symbol  or  blank. 

. Command 

LEWM 

. Argument 

Blank 

Notes 

(1)  The  response 

store  registers  X and  Y In  the  assocla- 

tlve  memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 


(2)  The  addresses  of  FP3  and  FFl  can  have  the  same  values. 


Conditions  (1) 

(2) 

(3) 


li 

li 

.1 


(3)  Before  the  Instruction  Is  called,  the  registers  AS, 
M,  FP3  and  FFl  must  be  set  properly. 

(4)  The  associative  array  address  X'FB'  In  the  sections 
which  participate  In  this  Instruction  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  address  cannot  be  used 
as  an  operand. 

Example  Assume  AS  X'8000  0000' 

FP3  - X'04' 

FPl  - X'67* 

and  M Is  as  shown  In  the  following  tables,  then  the 
instructions  LEWM  has  the  following  operations. 


(1) 

In 

Section 

0, 

9 9 is  true 

(2) 

In 

Section 

1. 

-5^3  Is  true 

(3) 

In 

Section 

2. 

-4  ^ -2  is  true 

(4) 

In 

Section 

3. 

no  operation 

(5) 

In 

Section 

4, 

no  operation 
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(6)  In  Section  5,  23  ^ -4  is  false 

(7)  In  Section  6,  -5  ^ -9  Is  false 

(8)  In  Section  7,  no  operation 

Note  that  those  memory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 
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LEUM/L  Words  Mod-32  Less  Than  Or  Equal  To  Words  Mod-32  In 

Mixed  Mode  (Fixed-Point) 

This  instruction  will  set  the  T response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 
if,  the  follotring  is  trust 


Conditions 


(1)  The  particular  array  which  this  section  Is  in  is 
enabled  by  the  Array  Select  register  (AS). 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  net;  the  word  mod-32  pointed 

to  by  a^  is  less  than  or  equal  to  the  word  mod-32 
pointed  to  by  ^2  same  section.  The  addresses 

are  based  on  the  mixed  mode  mod-32.  (Fig.  2-1  and 
Fig.  2-2) 


Format 

Ubel 

Command 

Argument 

Symbol 

LEWMA 

ll*  !2 

• Label 

Any  valid  sumbol 

or  blank. 

. Command 

LEWMA 

. Argument 


..  a^.aj 

Motes 


Two  entries  are  required.  Both  entries  represent  the 

words  mod-32  that  are  compared  with  each  other. 

a^  and  02  are  the  numbers  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  instruction 
LEWM,  except  that  it  loads  the  arguments  to  the 
field  pointers. 

(2)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(3)  The  addresses  of  a^  and  02  can  have  the  same  values. 

(4)  Before  the  instruction  is  called,  the  regsiters  AS 
and  M must  be  set  properly. 

(5)  The  associative  array  address  X'FB*  in  the  section 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  addr.  ss  cannot  be  used 
as  an  operand. 

(6)  The  field  pointers  FP3  and  FPl  are  used. 
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LECM 


Words  Mod-32  Less  Than  Or  Equal  To  Common  Register  In 
Mixed  Mode  (Fixed-Point) 

This  Instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  if,  and  only 


If. 

the  following  is  true. 

Conditions 

(1) 

The  particular  array  which  this  section  is  in  is 
enabled  by  the  Array  Select  register  (AS). 

(2) 

The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3) 

The  search  criteria  is  met;  the  word  mod-32  pointed 
to  by  FP3  is  less  than  or  equal  to  the  Common  register 
The  addresses  are  based  on  the  mixed  mode  mod-32. 

Format 

Label 

Command 

Argument 

Symbol 

LECM 

Blank 

. Label  Any  valid  symbol  or  blank. 


. Command  LECM 


. Argument  Blank 


Notes 

(1) 

The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
register  (AS)  are  used. 

(2) 

Before  the  instruction  is  called,  the  registers  AS, 

M and  FP3  must  be  set  properly. 

(3) 

The  associative  array  address  X'FB'  in  the  sections 
which  participate  in  this  instruction  must  be  pre- 
set to  X'7FFF  FFFF'  and  this  address  cannot  be  used 
as  an  operand. 

Example  Assume  AS  X'8000  000* 

FP3  = X’0«' 

C *=  X'OOO  0004' 

and  M is  as  shown  in  the  following  tables,  then  the 
instruction  LECM  has  the  following  operation. 


(1) 

In 

Section 

0, 

9 < 4 

is  false 

(2) 

In 

Section 

1, 

-5  < 4 

is  true 

(3) 

In 

Section 

2, 

4 < 4 

is  true 

(4) 

In 

Section 

3, 

no  operation 

(5) 

In 

Section 

4. 

no  operation 
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(6)  In  Section  5, 

(7)  In  Section  6, 

(8)  In  Section  7, 


-4^8  1b  true 
7^7  1b  false 
no  operation 


Note  that  those  memory  locations  which  are  not  shown  or 
are  left  blank  are  not  changed. 
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LECMA 


Words  Mod-32  Less  Than  Or  Equal  To  Common  Register  In 
Mixed  Mode  (Fixed-Point) 


Conditions 


. Argument 

• • fl 

Notes 


This  Instruction  will  set  the  Y response  store  bits  to 
I's  for  each  section  of  associative  memory  If,  and  only 
if,  the  following  Is  true; 

(1)  The  particular  array  which  this  section  Is  In  Is 
enabled  by  the  Array  Select  register  (AS). 

(2)  The  M response  store  bits  are  set  to  I's  for  the 
particular  section  participating  in  the  search. 

(3)  The  search  criteria  is  met;  the  word  nod-32  pointed 
to  by  a is  less  than  or  equal  to  the  Common  register. 


The  addresses 

are  based  on 

the  mixed  mode  mod- 32. 

Format 

Label 

Command 

Argument 

Symbol 

LECMA 

a 

. Label 

Any  valid  symbol  or 

blank. 

. Command 

LECMA 

One  entry  Is  required.  This  entry  represents  the  words 

mod-32  that  are  compared  with  the  Common  register. 

a Is  a number  between  0 and  255. 

(1)  This  instruction  is  the  same  as  the  instruction 
LECM,  except  that  it  loads  the  argument  to  a field 
pointer. 

(2)  The  response  store  registers  X and  Y in  the  associa- 
tive memory  modules  selected  by  the  Array  Select 
(AS)  are  used. 

(3)  Before  the  instruction  is  called,  the  registers  AS 
and  M must  be  set  properly. 

(4)  The  associative  array  address  X'FB’  in  the  sections 
which  participate  in  this  instruction  must  be  preset 
to  X'7FFF  FFFF'  and  this  address  cannot  be  used  as 
an  operand. 

(5)  The  field  pointer  FP3  is  used. 
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CHAPTER  3 


Execution  Times  of  the  Mixed  Mode  Instructions 

Since  the  mixed  mode  routines  are  Implemented  such  that  all  of  the 
bits  are  processed  simultaneously,  the  average  execution  times  will  Increase 
while  the  number  of  parallel  words  Is  Increased.  In  the  following  tables, 
we  list  all  the  average  execution  times  for  one  word,  two  words,  four  words 
and  eight  words  parallel.  Note  that  the  average  execution  times  increased 
slowly  when  the  number  of  parallel  words  increased. 


f 


Table  3-1.  Average  Execution  Times  of  ADD  and  SUBTRACT  Routines 
(32  bits) 

(tJ.sec) 


Instruction 

1 Word 

2 Words 

4 Words 

8 Words 

Mnemonic 

Parallel 

Parallel 

Parallel 

Parallel 

ADWM 

11.5 

13.3 

14.3 

15.5 

ADUMA 

ADCM 

11.3 

12.4 

13.6 

15.6 

ADCMA 

SUBWM 

11.3 

13.0 

14.0 

15.8 

SUBUMA 

SUBCM 

SUBCMA 


10.9 


12.0 


13.7 


15.2 


Table  3-2.  Average  Execution  Times  of  MULTIPLY  and  DIVIDE  Routines 

(}X,  sec.) 


Instruction 

Mnemonic 

1 Word 
Parallel 

2 Words 
Parallel 

4 Words 
Parallel 

8 Words 
Parallel 

MPUUM 

MPUUMA 

MPULM 

MPULMA 

MPLUM 

MPLUMA 

MPLLM 

MPLLMA 

182.0 

206.3 

225.2 

236.0 

i 

1 

MPCUII 

MPCUMA 

MPCLM 

MPCLMA 

105.6 

108.5 

113.3 

117.5 

DVUUM 

DVUUMA 

DVULM 

DVULMA 

DVLUM 

DVLUMA 

DVLLM 

DVLLMA 

544.9 

642.9 

723.2 

817.9 

DVCUM 

DVCUMA 

DVCLM 

DVCLMA 

544.3 

595.8 

657.7 

720.0 

Table  3-3.  Average  Execution  Times  of  SEARCH  Routines 


(p.sec) 


APPENDIX 


1 


Listing  of  the  Mixed  Mode  Macros 


• 

* INIT  — INITIATOR  OF  THE  MIXED 
▲ 

MODE  OPERATIONS 

w 

MACRO 

INIT 

••INITIATE  THE  MIXED  MODE  ARITHMETIC  OPERATIONS 

GEN«32 

X'3801481F' 

SET 

THE  MIXED  MODE  MOO-32 

CLR 

LI 

LI 

GEN^52 

X 

CH,X*7FFF» 

CL,X'FFFF» 

X(0) 

X'00E0CCB3* 

X ■ 

X OR  (-32  ROT  X) 

GEN,32 

X'00C0CCB3' 

X - 

X OR  (-64  ROT  X) 

GEN, 32 

X'0080CCB3' 

X • 

X OR  (-128  ROT  X) 

S,W 

X,X'FB' 

1 

•*X*FB*  ■ X'7FFF 

FFFF'  (MOD-32) 

1 

J 

GEN,32 

X'3801483F* 

SET 

TO  MIXED  MODE  MOD-64 

s w 

•*X*FB*  - X'7FFF 

X,X'FB* 

FFFF  7FFF  FFFF* 

(MOD-64) 

CLR 

SC 

LI 

GEN, 32 

X 

X(0) 

CH,X'FFFF’ 

X(l) 

X*OOCOCCB3* 

X • 

X OR  (-64  ROT  X) 

GEN,32 

X'0080CCB3' 

X - 

X OR  (-128  ROT  X) 

s w 

••X*FE'  » X'7FFF 

X,X*FE* 

FFFF  FFFF  FFFF* 

(MOD-64) 

CLR 

SC 

GEN, 32 

X 

X(0) 

X'00C0CCB3* 

X - 

X OR  (-64  ROT  X) 

GEN, 32 

X'0080CCB3' 

X - 

X OR  (-128  ROT  X) 

s w 

•*X*FF'  - X'FFFF 

X X'FF* 

FFFF  GOOD  0000* 

(MOO-64) 

CLR 

LI 

LI 

SC 

GEN, 32 

X 

CH,X'0000* 

CL,X'0001* 

X(0) 

X‘00C0CCB3' 

X - 

X OR  (-64  ROT  X) 

GEN, 32 

X*0080CCB3* 

X « 

X OR  (-128  ROT  X) 

s w 

**X'F6'  - X'OOOO 

X,X'F6' 

0001  0000  0000* 

(MOD-64) 

GEN, 32 

X'380148FF' 

RESET  TO  WORD  MODE 

MEND 


* ADWMA 

— ADD 

ARRAY  WORDS  TO  ARRAY 

WORDS 

# 

MACRO 

ADWMA 

&ARG1,&ARG2,&ARG3 

Lt 

FP3,&ARG1 

Li 

FP1,&ARG2 

LI 

FP2,&ARG3 

ADWM 

MEND 

w 

* AOWM  - 

— ADD  , 

ARRAY  WORDS  TO  ARRAY 

WORDS 

# 

MACRO 

ADWM 

GEN, 32 

X'3801U81F' 

SET  WORD 

MODE  TO  MIXED  MODE 

L,W 

X,FP3 

LOAD  THE 

ADDEND 

L,W 

Y,FP1 

LOAD  THE 

ADDER 

LAND 

Y,M 

A1&$X 

LXOR 

X,Y 

X IS  THE 

SUM 

LANDN 

Y,X 

LAND,W 

Y,X'FB' 

ZERO  THE 

MSB 

ROT 

Y,-l,32 

Y IS  THE 

CARRY 

BRS 

A1&$X 

SM,W 

X,FP2 

STORE  THE  SUM 

GEN, 32 

X'380148FF' 

RESET  TO 

THE  WORD  MODE 

MEND 

14-A-3 


ADO  COMMON  TO  ARRAY  WORDS 


i 


I 

I » 

I 


* 

* ADCMA 

* 


* ADCM 


A2&$X 


MACRO 

ADCMA 

&ARG1,&ARG2 

LI 

FP3,&ARG1 

LI 

FP2,&AR62 

ADCM 

MEND 

- ADD  COMMON  TO  ARRAY  WORDS 


MACRO 

ADCM 

L/W 

X,FP3 

LOAD  THE 

ADDEND 

GEN, 32 

X'42008840' 

STORE  COMM  TO  Y(0) 

GEN, 32 

X'40E09952' 

Y • Y OR 

(-32  ROT  Y) 

GEN, 32 

X'40C09952’ 

Y » Y OR 

(-64  ROT  Y) 

GEN, 32 

X'40809952' 

Y - Y OR 

(-128  ROT  Y) 

LAND 

X,M 

LAND 

Y,M 

LXOR 

X,Y 

X IS  THE 

SUM 

LANDN 

Y,X 

LAND,W 

Y,X'FB* 

ZERO  THE 

MSB 

ROT 

Y,-l,32 

Y IS  THE 

CARRY 

BRS 

A2&$X 

SM,W 

X,FP2 

STORE  THE  SUM 

GEN, 32 

X'380148FF' 

RESET  TO 

THE  WORD  MODE 

MEND 

* 

* SUBWMA 


* SUBWM 


A3&$X 


— SUBTRACT  ARRAY  WORDS  FROM  ARRAY  WORDS 


MACRO 

SUBWMA 

&ARG1,&ARG2,&ARG3 

LI 

FP3,&ARG1 

LI 

FP1,&AR62 

LI 

SUBWM 

MEND 

FP2,&ARG3 

— SUBTRACT  ARRAY  WORDS  FROM 

MACRO 

SUBWM 

GEN, 32 

X*380148IF' 

L,W 

X,FP3 

L,W 

Y,FP1 

LAND 

X,M 

LAND 

Y,M 

LXOR 

X,Y 

LAND 

Y.X 

LAND,W 

Y,X'FB' 

ROT 

Y,-l,32 

BRS 

A3&$X 

SM,W 

X,FP2 

GEN, 32 
MEND 

X'380148FF' 

ARRAY  WORDS 


SET  WORD  MODE  TO  MIXED  MODE 
LOAD  THE  MINUEND 
LOAD  THE  SUBTRHEND 


X IS  THE  DIFFERENCE 

ZERO  THE  MSB 
Y IS  THE  BORROW 

STORE  THE  DIFFERENCE 
RESET  TO  THE  WORD  MODE 


14-A-5 


* SUBCMA  — - SUBTRACT  COMMON  PROM  ARRAY  WORDS 


MACRO 

SUBCMA 

&ARG1,&ARG2 

LI 

FP3,iARGl 

LI 

FP2,&ARG2 

SUBCM 

MEND 

* 

* SUBCM  — SUBTRACT  COMMON  FROM  ARRAY  WORDS 


• 

MACRO 

SUBCM 

GEN, 32 

X'3801481F' 

SET  WORD 

MODE  TO  MIXED  MODE 

L,W 

X,FP3 

LOAD 

THE 

MINUEND 

GEN, 32 

X'4200S840' 

STORE 

COMM  TO  Y(0) 

GEN, 32 

X'40E09952' 

Y = Y 

OR 

(-32  ROT  Y) 

GEN, 32 

X'40C09952' 

Y • Y 

OR 

(-64  ROT  Y) 

GEN, 32 

X'40809952' 

Y « Y 

OR 

(-128  ROT  Y) 

LAND 

X,M 

LAND 

Y,M 

A4&$X 

LXOR 

X,Y 

X IS 

THE 

OIFFERENCE 

LAND 

Y,X 

LAND,W 

Y,X'FB' 

ZERO 

THE 

MSB 

ROT 

Y,-l,32 

Y IS 

THE 

BORROW 

BRS 

A4&$X 

SM,W 

X,FP2 

STORE 

THE 

: DIFFERENCE 

GEN, 32 
MEND 

X'380148FF' 

RESET 

TO 

THE  WORD  MODE 

14-A-6 


• MPLUM  — MULTIPLY  ARRAY  WORDS 

• 

MACRO 

MPLUM 

GEN^32  X'3801483F* 

L/W  X,FP3 

ROT  X,-32 

LAND^W  X,X*FF' 

L,W  Y^FPl 

LAND^W  Y,X'FF' 

MPWM 

SM^W  X^FP2 

GEN, 32  X'380148FF' 

MEND 

* MPLLM  — MULTIPLY  ARRAY  WORDS 

* 

MACRO 

MPLLM 

GEN, 32  X*3801483F' 

L,W  X,FP3 

ROT  X,-32 

LAND,W  X,X'FF' 

L,W  Y,FP1 

ROT  Y,-32 

LAND,W  Y,X'FF' 

MPWM 

SM,W  X,FP2 

GEN, 32  X'380148FF' 

MEND 


BY  ARRAY  WORDS 


SET  WORD  MODE  TO  MIXED  MODE 
LOAD  THE  MULTIPLICAND 


LOAD  THE  MULTIPLIER 

X'FF'  - X'FFFF  FFFF  0000  OOOi 

STORE  THE  PRODUCT 
RESET  TO  WORD  MODE 


ARRAY  WORDS 


SET  WORD  MODE  TO  MIXED  MODE 
LOAD  THE  MULTIPLICAND 


LOAD  THE  MULTIPLIER 

X'FF'  « X'FFFF  FFFF  0000  000( 

STORE  THE  PRODUCT 
RESET  TO  WORD  MODE 


14-A-9 


* 

• MPWM 


MACRO 

MPWM 

LAND  X^M 

LAND  Y,M 

•♦CONVERT  THE  NEGATIVE  MULTIPLICANDS  TO  POSITIVE  AND  STOR  X'FFFF  FFFF* 


• TO  THE  V VECTORS 

OF  THOSE  MULTIPLICANDS 

S^W 

X,X'F9' 

TEMP  STOR  OF  MULTIPLICAND 

S^W 

Y,X'FC' 

X'FC  = TEMP  STOR  OF  MULTIPLIER 

LANDN^W 

X,X'FE' 

GET  THE  SIGN  OF  MULTIPLICAND 

CLR 

Y 

S^W 

Y,X'F5' 

S^W 

Y,X'F4' 

L 

Y,X 

BNR 

XN1&$X 

GEN, 32 

X'403F99B3' 

GEN, 32 

X'403E99B3' 

GEN, 32 

X'403C99B3' 

GEN, 32 

X'403899B3' 

GEN, 32 

X*403099B3' 

GENERATE  V OF  MULTIPLICAND 

S,W 

X,X'F5' 

LXOR,W 

X,X'F9' 

X « V XOR  MULTIPLICAND 

L/W 

Y,X'F6' 

X'F6'  « X'OOOO  0001  0000  0000' 

LAND,W 

Y,X'F5' 

A5&$X  LXOR 

X,Y 

ADD  Y TO  X 

LANDN 

Y,X 

LAND,W 

Y,X'FB' 

ROT 

Y,-1.32 

BR. 

A5&$X 

S,W 

X,X’F9' 

POSITIVE  MULTIPLICAND 

• •CONVERT  THE  NEGATIVE  MULT  I PL  1 

lERS  TO  POSITIVE,  AND  STORE  X'FFFF  FFFF* 

• TO  THE  V VECTORS 

OF  THOSE  MULTIPLIERS 

XN1&$X  L,W 

Y,X'FC' 

X'FC  = TEMP  STOR  OF  MULTIPLIER 

LANDN, W 

Y,X'FE' 

GET  THE  SIGN  OF  MULTIPLIER 

BNR 

YN1&$X 

GEN, 32 

X'405F9952' 

GEN, 32 

X'403E9952' 

GEN, 32 

X'403C9952' 

GEN, 32 

X'40389952' 

GEN, 32 

X'00509952' 

GENERATE  V VECTOR  FOR  MULTI PLIEF 

S,W 

Y,X'F4' 

X'F4'  = V VECTOR  OF  MULTIPLIER 

L/W 

X,X'FC' 

LXOR,W 

X,Y 

X » V XOR  MULTIPLIER 

L,W 

Y,X'F6' 

X'F6'  *=  X'OOOO  0001  0000  0000' 

LAND,W 

Y,X'F4' 

A6&$X  LXOR 

X,Y 

ADD  Y TO  X 

LANDN 

Y,X 

LAND,W 

Y,X'FB' 

14~A-10 


f 


1 


> 

t 


ROT 

Y,-l,32 

BRS 

A6&$X 

S,W 

X^X'FC 

POSITIVE  MULTIPLIER 

YN1&$X 

ANOP 

••DO  THE  MULTIPLICATION  OF  POSITIVE  NUMBERS 
L,W  X,X'F9' 

L,W  Y,X'FC' 

LI  FPE,31 

ROT  Y,-31,64 


CLR 

X 

S,W 

X,X'FA' 

S,W 

X,X'F8' 

HE1&$X 

S,W 

Y,X'FC' 

LANDN,W 

Y,X'FE' 

BNR 

YR1&$X 

GEN, 32 

X'403F9952 

GEN, 32 

X'403E9952 

GEN, 32 

X'403C9952 

GEN, 32 

X'40389952 

GEN, 32 

X'00309952 

LAND,W 

Y,X'F9' 

S,W 

Y,X'F7’ 

L,W 

X,X'FA’ 

L,W 

Y,X'F8' 

LXOR 

X,Y 

LXOR,W 

X,X'F7' 

S,W 

X,X'FA* 

GEN, 32 

X'0100AAA2 

LAND,W 

X,X'F7' 

LANDN,W 

Y,X'FA' 

LOR 

Y,X 

S,W 

Y,X'F8' 

B 

JM1&$X 

YR1&$X 

L,W 

Y,X'F8' 

ROT 

Y,l,64 

S,W 

Y,X'F8' 

JM1&$X 

L,W 

X,X'FA' 

ROT 

X,l,64 

S,W 

X,X'FA' 

L,W 

Y,X'FC' 

ROT 

Y,l,64 

BZ,FPE 

ADia$X 

DECR 

FPE 

B 

HE1&$X 

AD1&$X 

L,W 

Y,X'F8' 

AG1&$X 

BNR 

D01&$X 

LXOR 

X,Y 

LANDN 

Y,X 

ROT 

Y,-l,64 

B 

AG1&$X 

FPE  IS  A COUNTER 


TEMP  STOR  OF  PRODUCT 

TEMP  STOR  OF  CARRY 

X'FC*  = TEMP  STOR  OF  MULTIPLIER 

X'FE'  = X'7FFF  FFFF  FFFF  FFFF' 

GENERATE  V 


X'F7'  = TEMP  STORE  OF  ADDEND 
X IS  THE  SUM 

Y IS  THE  CARRY 
X •=  X XOR  Y 

X » X XOR  A 
X IS  THE  NEW  SUM 
X » Y OR  NOT  X 
X = X AND  A 

Y «=  Y AND  NOT  SUM 

Y “ Y OR  X 


ROTATE  THE  CARRY 


ROTATE  THE  SUM 


ADD  THE  CARRY 


14-A-ll 


• J 

D01&$X 

ANOP 

••ADJUST 

THE  SIGNS 

OF  PRODUCTS 

% 

s,w 

X,X'FA' 

X'FA' 

■ POSITIVE  PRODUCT 

* 

L,W 

Y,X'F5' 

LXOR,W 

Y,X'F4' 

. 

1 

GEN, 32 

X'00209952' 

i 

S,W 

Y,X'F4' 

X'F4' 

■ V VECTOR  FOR  PRODUCT 

• 

r 

LXOR 

X,Y 

X « V 

XOR  PRODUCT 

f 

L,W 

Y,X'F6' 

X'F6' 

- X'OOOO  0001  0000  0000* 

ROT 

Y,32,64 

LAND,W 

Y,X'F4' 

A7&$X 

LXOR 

X,Y 

LANDN 

Y,X 

[ 

LAND,W 

Y,X'FE' 

ROT 

Y,-l,64 

k 

i 

BRS 

MEND 

A7&$X 

1 


• MPCUMA  — - MULTIPLY  ARRAY  WORDS  BY  COMMON 


MACRO 

MPCUMA 

&ARG1,&ARG2 

LI 

FP3,&ARG1 

LI 

MPCUM 

MEND 

FP2,&ARG2 

* MPCLMA  MULTIPLY  ARRAY  WORDS  BY  COMMON 


MACRO 

MPCLMA 

&ARG1,&ARG2 

LI 

FP3,&ARG1 

LI 

MPCLM 

MEND 

FP2,&ARG2 

* MPCUM 


— - MULTIPLY  ARRAY  WORDS  BY  COMMON 


* 

MPCLM 

* 


MACRO 

MPCUM 

GEN, 32 

X'3801483F* 

SET  THE  MIXED  MODE 

L,W 

X,FP3 

LOAD  THE  MULTIPLICAND(32  BITS) 

LAND,W 

MPCM 

X,X'FF' 

X'FF'  = X'FFFF  FFFF  0000  0000' 

SM,W 

X,FP2 

STORE  THE  PRODUCT(64  BITS) 

GEN, 32 
MEND 

X'380148FF' 

RESET  TO  WORD  MODE 

— MULTIPLY  ARRAY  WORDS 

MACRO 

MPCLM 

BY  COMMON 

GEN, 32 

X'3801483F' 

SET  THE  MIXED  MODE 

L,W 

X,FP3 

LOAD  THE  MULTIPLICAND(32  BITS) 

ROT 

X,-32,64 

LAND,W 

MPCM 

X,X'FF' 

X'FF'  « X'FFFF  FFFF  0000  0000' 

SM,W 

X,FP2 

STORE  THE  PRODUCT(64  BITS) 

GEN, 32 
MEND 

X'380148FF' 

RESET  TO  WORD  MODE 

• MPCM 

• 

MACRO 

MPCM 

LAND  X,M 

••CONVERT  THE  NEGATIVE  NUMBERS  TO  POS 
• V VECTORS  OF  THOSE  NEGATIVE  NUMBERS 
S,W  X,X'F9' 

lANON.W  X.X'FF' 


A8&$X 


LANDN,W 

CLR 

S,W 

L 

BNR 

GEN, 32 
GEN, 32 
GEN, 32 
GEN,32 
GEN, 32 
S,W 
LXOR,W 
L,W 

LAND,W 

LXOR 

LANDN 

LAND,W 

ROT 

BRS 

S,W 


X, X'FE' 

Y 

Y, X'F5' 

Y X 

XN2&$X 

X'403F99B3' 

X'403E99B3' 

X'403C99B3' 

X'403899B3' 

X'403099B3' 

X,X'F5' 

X, X'F9' 

Y, X'F6' 
Y,X'F5' 

X, Y 

Y, X 

Y,X'FB* 

Y,-l,32 

A8&$X 

X,X‘F9’ 


ITIVE  AND  STOR  X'FFFF  FFFF’  TO 

X'F9'  - TEM  STOR  OF  MULTIPLICANC 
GET  THE  SIGN  OF  MULTIPLICAND 


S,W  X,X‘F9’ 

XN2&$X  ANOP 

••NOW,  THE  MULTIPLICANDS  ARE  ALL  POSI 
••IF  COMMON  IS  POSITIVE,  SET  FPE  ■ 0 
••IF  COMMON  IS  NEGATIVE,  SET  FPE  ■ 1 
LI  FPl-0 


GENERATE  V OF  MULTIPLICAND 
X'F5'  ■ V OF  MULTIPLICAND 
X - V XOR  MULTIPLICAND 
X'F6'  - X'OOOO  0001  0000  0000* 

ADD  Y TO  X 


STOR  POSI  MULTIPLICAND  IN  X'F9' 


A9&$X 


LI 

BBZ 

LI 

LRR 

LI 

GEN, 32 

L,W 

LXOR 

LANDN 

LAND,W 

ROT 

BRS 

LCW 


FP1,0 

FPE,0 

COM&$X 

FPE,1 

BL,ASH 

ASH,X'8000* 

X'420O44A0' 

Y,X'F6' 

X, Y 

Y, X 

Y,X'FB' 

Y,-l,32 

A9&$X 

X(0) 


TIVE 


AND  CONVERT  IT  TO  POSITIVE 


STORE  (NOT  COMMON)  TO  X(0) 


CLR 

X 

CLR 

Y 

S,W 

X,X'FA' 

LI 

FP1,X'1F' 

HE2&$X 

LXOR 

X,Y 

GEN, 32 

X'46F9C3A5' 

S,W 

X,X'FA' 

GEN, 32 

X'4200AAA2' 

A 

GEN, 32 

X'46F927A5' 

W 

GEN, 32 

X'46FA6645' 

LOR 

Y,X 

L,W 

X,X'FA' 

ROT 

X,l,64 

OECR 

FPl 

BNZ,FP1 

HE2&$X 

ROT 

X,l,64 

ROT 

Y,l,64 

AG2&$X 

BNR 

D02&$X 

LXOR 

X,Y 

LANDN 

Y,X 

ROT 

Y,-1,64 

B 

AG2&$X 

D02&$X 

ANOP 

♦♦ADJUST 

THE  SIGNS 

OF  THE  PRODUCTS 

BZ,FPE 

P02&$X 

LN,W 

Y,X'F5' 

LAND,W 

Y,X'FF' 

SM,W 

y,X'F5' 

P02&$X 

S,W 

X,X'FA' 

L,W 

Y,X'F5' 

GEN, 32 

X'40209952' 

S,W 

Y,X'F4' 

LXOR 

X,Y 

L,W 

Y,X'F6' 

ROT 

Y,32,64 

LAND,W 

Y,X'F4' 

AA&$X 

LXOR 

X,Y 

LANDN 

Y,X 

LAND,W 

Y,X'FE' 

ROT 

Y,-l,64 

BRS 

MEND 

AA&$X 

CLEAR  THE  PRODUCT 
LOAD  31  TO  FPl 
X » S XOR  C 

X » S XOR  C IF  C(FPl)  = 0; 

X - S XOR  C XOR  M(F9)  I F C «=  1 
SAVE  THE  SUM  TO  PI 
X » NOT  X OR  Y = S OR  C 
X * X AND  A » (S  OR  C)  AND  A 
IFC«1;X»01FC=0 
Y « Y AND  NOT  PI  = C AND  S 
THIS  IS  THE  CARRY 
RELOAD  X WITH  THE  SUM 


COMPLETE  THE  ADDITION 
Y » NOT  X AND  Y 


IF  FPE  = 0,  BRANCH  TO  P02&$X 


X*FA'  « POSITIVE  PRODUCT 


X'F4'  « V VECTOR  FOR  PRODUCT 

X « V XOR  PRODUCT 

X*F6'  = X'OOOO  0001  0000  0000' 


14-A-15 


DVUUMA 


DIVIDE  ARRAY  WORDS  BY  ARRAY  WORDS 


MACRO 

DVUUMA 

&ARG1,&ARG2,&ARG3 

LI 

FP3,&ARG1 

LI 

FP1,&ARG2 

LI 

DVUUM 

MEND 

FP2,&ARG3 

DVULMA  — - DIVIDE  ARRAY  WORDS  BY  ARRAY  WORDS 


MACRO 

DVULMA 

&ARG1/&ARG2,&ARG3 

LI 

FP3,&ARG1 

LI 

FP1,&ARG2 

LI 

DVULM 

MEND 

FP2,&ARG3 

DVLUMA  — DIVIDE  ARRAY  WORDS  BY  ARRAY  WORDS 


MACRO 

DVLUMA 

&ARG1,&ARG2,&ARG3 

LI 

FP3/&ARG1 

LI 

FP1,&ARG2 

LI 

DVLUM 

MEND 

FP2,&ARG3 

DVLLMA  — DIVIDE  ARRAY  WORDS  BY  ARRAY  WORDS 


MACRO 

DVLLMA 

&ARG1,&ARG2,&ARG3 

LI 

FP3^&ARG1 

LI 

FP1,&ARG2 

LI 

DVLLM 

MEND 

FP2,&ARG3 

# 

• DVUUM 


* DVULM 

* 


— DIVIDE 

ARRAY  WORDS 

BY  ARRAY  WORDS 

MACRO 

DVUUM 

GeN^32 

X'3801483F' 

SET  THE  WORD  MODE  TO  MIXED  MODE 

L,W 

X,FP3 

LOAD  THE  DIVIDEND 

LAND^W 

X,X'FF' 

L,W 

Y,FP1 

LOAD  THE  DIVISOR 

LAND.W 

Y,X'FF' 

DVWM 

SM,W 

X,FP2 

STORE  THE  REMAINDER  AND  QUOTIENT 

GEN, 32 

X'380148FF' 

RESET  TO  WORD  MODE 

MEND 

- DIVIDE  ARRAY  WORDS  BY  ARRAY  WORDS 


MACRO 
DVULM 
GEN, 32 

X'3801483F' 

SET  THE  WORD  MODE  TO  MIXED  MODE 

L,W 

X,FP3 

LOAD  THE  DIVIDEND 

LAND,W 

X,X'FF' 

L,W 

Y,FP1 

LOAD  THE  DIVISOR 

ROT 

Y,-32,.64 

DVWM 

SM,W 

X,FP2 

STORE  THE  REMAINDER  AND  QUOTIENT 

GEN, 32 

X'380148FF' 

RESET  TO  WORD  MODE 

MEND 

U-A-17 


• DVLUM  — DIVIDE  ARRAY  WORDS  BY  ARRAY  WORDS 


MACRO 
DVLUM 
GEN, 32 

X'3801U83F' 

SET  THE  WORD  MODE  TO  MIXED  MODE 

L,W 

X,FP3 

LOAD  THE  DIVIDEND 

ROT 

X,-32,64 

LAND,W 

X,X'FF* 

L,W 

Y,FP1 

LOAD  THE  DIVISOR 

LAND,W 

Y,X'FF' 

DVWM 

SM,W 

X,FP2 

STORE  THE  REMAINDER  AND  QUOTIEN". 

GEN, 32 

X'380148FF' 

RESET  TO  WORD  MODE 

MEND 

• OVLLM  — DIVIDE  ARRAY  WORDS  BY  ARRAY  WORDS 


MACRO 

DVLLM 

GEN, 32 

X'3801483F' 

SET  THE  WORD  MODE  TO  MIXED  MODE 

L,W 

X,FP3 

LOAD  THE  DIVIDEND 

ROT 

X,-32,64 

LAND,W 

X,X'FF' 

L/W 

Y,FP1 

LOAD  THE  DIVISOR 

ROT 

Y,-32,64 

LAND,W 

Y,X'FF' 

DVWM 

SM,W 

X,FP2 

STORE  THE  REMAINDER  AND  QUOTIENT 

GEN, 32 

X'380148FF' 

RESET  TO  WORD  MODE 

MEND 

* 

* 

DVWM 

MACRO 

DVWM 

LAND 

X,M 

LAND 

Y,M 

S,W 

X,X'FA' 

TEMP  STOR  OF  DIVIDEND 

S,W 

Y,X'F9' 

TEMP  STOR  OF  DIVISOR 

** 

CONVERT  THE  NEGATIVE  DIVIDENDS  TO 

POSITIVE,  AND  GENERATE  THE  V 

• 

VECTOR  OF  DIVIDENDS 

LANDN,W 

X,X'FE' 

GET  THE  SIGN  OF  DIVIDEND 

CLR 

Y 

S,W 

Y,X'F5' 

S,W 

Y,X'F4' 

L 

Y,X 

BNR 

XNO&$X 

GEN, 32 

X'403F99B3' 

GEN, 32 

X'403E99B3' 

GEN,32 

X'403C99B3' 

GEN, 32 

X*403899B3' 

GEN, 32 

X*403099B3' 

GENERATE  V VECTOR  OF  DIVIDEND 

S,W 

X,X'F5' 

X‘F5'  - V VECTOR  FOR  DIVIDEND 

LXOR,W 

X,X'FA' 

X « V XOR  DIVIDEND 

L,W 

Y,X'F6' 

X’F6'  « X'OOOO  0001  0000  0000* 

LAND,W 

Y,X'F5' 

AB&$X 

LXOR 

X,Y 

ADD  Y TO  X 

LANDN 

Y,X 

LAND,W 

Y,X’FB’ 

ROT 

Y,-l,32 

BRS 

AB&$X 

S,W 

X,X'FA' 

POSITIVE  DIVIDEND 

CONVERT  THE  NEGATIVE  DIVISORS  TO 

POSITIVE,  AND  GENERATE  THE  V 

• 

VECTOR  OF  DIVISORS 

XNO&$X 

L,W 

Y,X'F9' 

X'F9'  « TEMP  STOR  OF  DIVISOR 

LANDN, W 

Y,X’FE' 

GET  THE  SIGN  OF  DIVISOR 

BNR 

YN3&$X 

GEN, 32 

X'403F9952' 

GEN, 32 

X'403E9952' 

GEN, 32 

X'403C9952' 

GEN, 32 

X'40389952' 

GEN, 32 

X'40309952' 

GENERATE  V VECTOR  FOR  DIVISOR 

S,W 

Y,X'F4' 

X'F4'  « V VECTOR  OF  DIVISOR 

L,W 

X,X'F9' 

LXOR,W 

X,Y 

X - V XOR  DIVISOR 

L,W 

Y,X'F6' 

X'F6  • X'OOOO  0001  0000  0000' 

LAND,W 

Y,X'F4' 

AC&$X 

LXOR 

X,Y 

ADD  Y TO  X 

LANDN 

Y,X 

LAND,W 

Y,X*FB' 

ROT  Y,-l/32 

BRS  AC&$X 

S,W  X,X*F9'  POSITIVE  DIVISOR 

••  DO  THE  DIVISION  OF  POSITIVE  NUMBERS 


YN3&$X 

ANOP 

L,W 

X,X'FA' 

CLR 

Y 

S,W 

Y,X'FC' 

ROT 

X,32,64 

LORN^W 

X,X'FE' 

ROT 

X,-l,64 

LI 

FPE,32 

AG3&$X 

A 

L,W 

Y,X'F9' 

C03&$X 

LXOR 

X,Y 

S,W 

Y,X'FD' 

LXCR,W 

X,X'FC' 

L 

Y,X 

LANO,W 

Y,X'FD' 

* 

LXOR,W 

X,X'FC' 

BNR 

D03«i$XP 

LAND^W 

Y,X'FE' 

« 

ROT 

Y,-l,32 

B 

C03&$X 

003&$XP 

ANOP 

L 

Y,X 

LANDN,W 

X,X'FE' 

GEN, 32 

X'401F99B3 

GEN, 32 

X'401E99B3 

GEN, 32 

X'401C99B3 

GEN,32 

X'401899B3 

GEN, 32 

X'401099B3 

S,W 

X,X'FC' 

L 

X,Y 

ROT 

X,-l,64 

DECR 

FPE 

BNZ,FPE 

AG3&$X 

L 

Y,X 

LANDN,W 

X,X'FF' 

ROT 

Y,l,64 

LAND,W 

Y,X'FF' 

LOR 

X,Y 

SET 

Y 

S,W 

Y,X'FC' 

L 

Y,X 

LANON,W 

Y,X'FE' 

BNR 

N03&$X 

GEN, 32 

X'401F9972 

POSITIVE  DIVIDEND 
V • X'FC;  STORE  V 


LOAD  THE  DIVISOR 
X ■ X ADO/SUB  Y 
X - X XOR  Y 

SC  • X'FD*;  M(SC)  •=  Y;  SAVE  Y 

Y • X'FC;  X *=  X XOR  M(V) 

Y « X 

Y - Y AND  M(SC); 

FORM  CARRY  AND  BORROW 

X - X XOR  M(V);  RESTORE  X 
COP  OPERATION  IS  COMPLETE 
X'FE'  - X'TFFF  FFFF  FFFF  FFFF' 
ZERO  THE  SIGN  BIT 
ROTATE  CARRY/BORROW  VECTOR 


GET  SIGN 

GENERATE  THE  V VECTOR 


NEW  V 


STORE  V 
GET  SIGN 

GENERATE  THE  V VECTOR 
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GEN, 32  X'401E9972' 

GEN, 52  X'401C9972' 

GEN, 32  X'40189972' 

GEN, 32  X'40109972' 

LAND,W  Y,X*F9' 

S,W  X,X'FA' 

LAND,W  X,X'FF' 

C04&$X  LXOR  X,Y 

S,W  Y,X'FD' 

LXOR,W  X,X'FC' 

L Y X 

LANO,W  Y^X'FD' 

LXOR,W  X,X*FC' 

BNR  D04&$X 

LAND,W  Y,X'FE' 

ROT  Y,-l,32 

B C04&$X 

004&$X  ANOP 
N03&$X  ANOP 

LN,W  Y,X'FA' 

LANDN,W  Y,X'FF' 

LOR  X,Y 

S W X X'FA' 

**  ADJUST  THE  SIGNS  OF  (R  AND  Q) 
L,W  X,X'F4' 

LXOR,W  X,X'F5' 

L Y X 

LAND,W  y'x'FB' 

ROT  X,32,64 

ROT  Y, 32,64 

LOR,W  X,X'F5' 

S,W  X,X'FC' 

S,W  Y,X'FD' 

L,W  Y,X'F6' 

LAND,W  Y,X'FC' 

LOR,W  Y,X'FO' 

LXOR,W  X,X'FA' 

AD&$X  LXOR  X,Y 

LANDN  Y,X 

LAND,W  Y,X'FB' 

ROT  Y,-l,32 

6RS  AO&$X 

MEND 


X'FA'  - POSITIVE  (R  AND  Q) 

X'F4'  = V VECTOR  FOR  DIVISOR 
X'F5'  » V VECTOR  FOR  DIVIDEND 

X'F6'  - X'OOOO  0001  0000  0000' 


* DVCUMA  — - DIVIDE  ARRAY  WORDS  BY  COMMON 


* 


MACRO 

DVCUMA 

&ARG1,&ARG2 

LI 

FP3,4ARG1 

LI 

FP2,&ARG2 

DVCUM 

MEND 

* 

• OVCLMA  — DIVIDE  ARRAY  WORDS  BY  COMMON 

* 


MACRO 

DVCLMA 

&ARG1,&ARG2 

LI 

FP5,&ARG1 

LI 

FP2,&ARG2 

DVCLM 

MEND 

*: 

* OVCUM 


* 

* DVCLM 

* 


- DIVIDE  ARRAY  WORDS  BY  COMMON 


MACRO 

DVCUM 

MIXED  MODE 

GEN, 32 

X'3801483F' 

SET  THE  WORD  MODE  TO 

L,W 

LAND,W 

DVCM 

X,FP3 

X,X'FF' 

LOAD  THE  DIVIDEND 

AND  QUOTIENT 

SM,W 

X,FP2 

STORE  THE  REMAINDER 

GEN, 32 
MEND 

X'380148FF' 

RESET  TO  WORD  MODE 

— DIVIDE 

MACRO 

DVCLM 

ARRAY  WORDS 

BY  COMMON 

MIXED  MODE 

GEN, 32 

X'3801483F' 

SET  THE  WORD  MODE  TO 

L,W 

ROT 

LAND,W 

DVCM 

X,FP3 

X,-32,64 

X,X'FF' 

LOAD  THE  DIVIDEND 

AND  QUOTIENT 

SM,W 

X,FP2 

STORE  THE  REMAINDER 

GEN, 32 
MEND. 

X'380148FF' 

RESET  TO  WORD  MODE 

14-A-23 


* 

DVCM 

MACRO 

DVCM 

LAND 

X,M 

S,W 

X,X'FA' 

TEMP  STOR  OF  DIVIDEND 

** 

CONVERT  THE  NEGATIVE  DIVIDENDS 

TO  POSITIVE,  AND  GENERATE  THE 

* 

V VECTOR  OF  DIVIDENDS 

LANDN,W 

X,X'FE' 

GET  THE  SIGN  OF  DIVIDEND 

CLR 

Y 

S,W 

Y,X'F5' 

S,W 

Y,X'F4' 

L 

Y,X 

BNR 

XNO&$X 

GEN,32 

X'403F99B3' 

GEN, 32 

X'403E99B3' 

GEN, 32 

X'403C99B3' 

GEN, 32 

X'40389983' 

GEN, 32 

X'403099B3' 

GENERATE  V VECTOR  OF  DIVIDEND 

S,W 

X,X'F5' 

X'F5'  = V VECTOR  FOR  DIVIDEND 

LXOR,W 

X,X'FA' 

X » V XOR  DIVIDEND 

L,W 

Y,X'F6' 

X'F6'  « X'OOOO  0001  0000  0000 

LAND,W 

Y,X'F5' 

AO&$X  LXOR 

X,Y 

ADD  Y TO  X 

LANDN 

Y,X 

LAND,W 

Y,X'FB' 

ROT 

Y,-l,32 

BRS 

AO&$X 

S,W 

X,X'FA' 

POSITIVE  DIVIDEND 

XNO&$X  ANOP 

*« 

CONVERT  THE  NEGATIVE  DI VI SOR(COMMON)  TO  POSITIVE,  AND  GENERATE 

THE  V VECTOR  OF 

DIVISORS 

GEN, 32 

X'42008840' 

STORE  COMM  TO  Y(0) 

GEN, 32 

X'40C09952' 

Y - Y OR  (-64  ROT  Y) 

GEN, 32 

X'40809952' 

Y - Y OR  (-128  ROT  Y) 

LAND 

Y,M 

S,W 

Y,X'F9' 

TEMP  STOR  OF  DIVISOR 

LANDN, W 

Y,X'FE' 

GET  THE  SIGN  OF  DIVISOR 

BNR 

YNO&$X 

GEN, 32 

X'403F9952' 

GEN, 32 

X'403E9952' 

GEN, 32 

X'403C9952' 

GEN, 32 

X'40389952‘ 

GEN, 32 

X'40309952' 

GENERATE  V VECTOR  FOR  DIVISOR 

S,W 

Y,X'F4' 

X'F4'  = V VECTOR  OF  DIVISOR 

L,W 

X,X'F9' 

LXOR,W 

X,Y 

X ■ V XOR  DIVISOR 

L/W 

Y,X'F6' 

X'F6'  = X'OOOO  0001  0000  0000 

LAND,W 

Y,X'F4' 

14-A-24 


•w 


AIMX 

LXOR 

X,Y 

ADD  Y TO  X 

LANDN 

Y,X 

LAND^W 

Y,X'FB' 

ROT 

Y,-l,32 

BRS 

A1&$X 

s,w 

X,X'F9* 

POSITIVE  DIVISOR 

**  DO  THE  DIVISION 

OF  POSITIVE 

NUMBERS 

YNO&$X 

ANOP 

L,W 

X,X'FA' 

POSITIVE  DIVIDEND 

CLR 

Y 

S,W 

Y,X'FC’ 

V « X'FC';  STORE  V 

ROT 

X,32,64 

LORN,W 

X,X'FE' 

ROT 

X,-1,64 

LI 

FPE,32 

FPE  IS  USED  AS  A COUNTER 

AGA&$X 

L,W 

Y,X'F9’ 

LOAD  THE  DIVISOR 

* 

X - X ADD/SUB  Y 

COP&$X 

LXOR 

X,Y 

X « X XOR  Y 

S,W 

Y,X’FD' 

SC  - X'FD’;  M(SC)  = Y;  SAVE  Y 

LXOR,W 

X,X'FC' 

V e X'FC';  X » X XOR  M(V) 

L 

Y,X 

Y « X 

LAND^W 

Y,X*FD' 

Y « Y AND  M(SC); 

* 

FORM  CARRY  AND  BORROW 

LXOR,W 

X,X'FC' 

X - X XOR  M(V);  RESTORE  X 

BNR 

DCP&$X 

COP  OPERATION  IS  COMPLETE 

LAND^W 

Y,X'FE' 

X'FE'  = X'7FFF  FFFF  FFFF  FFFF 

* 

ZERO  THE  SIGN  BIT 

ROT 

Y,-l,32 

ROTATE  CARRY/BORROW  VECTOR 

B 

COP&$X 

OCP&$X 

ANOP 

L 

Y,X 

LANDN, W 

X,X'FE' 

GET  SIGN 

GEN, 32 

X'401F99B3' 

GENERATE  THE  V VECTOR 

GEN, 32 

X'401E99B3' 

GEN, 32 

X'401C99B3' 

GEN, 32 

X'401899B3' 

GEN, 32 

X'401099B3' 

S,W 

X,X‘FC' 

NEW  V 

L 

X,Y 

ROT 

X,-l,64 

DECR 

FPE 

BNZ,FPE 

AGA&$X 

L 

Y,X 

LANDN, W 

X,X'FF' 

ROT 

Y,l,64 

LAND,W 

Y,X'FF' 

LOR 

X,Y 

SET 

Y 

S,W 

Y,X'FC’ 

STORE  V 

L 

Y,X 
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LANDN,W 

Y,X'FE' 

BNR 

NON&$X 

GEN, 32 

X'401F9972 

GEN, 32 

X'4P1E9972 

GEN, 32 

X'401C9972 

GEN, 32 

X'40189972 

GEN, 32 

X'40109972 

LAND,W 

Y,X'F9' 

s,w 

X,X'FA' 

LAND,W 

X,X'FF' 

CP1&$X 

LXOR 

X,Y 

S,W 

Y,X'FD' 

LXOR,W 

X,X'FC' 

L 

Y,X 

LAND,W 

Y,X'FD' 

LXOR,W 

X,X'FC‘ 

BNR 

DC1&$X 

LAND,W 

Y,X'FE' 

ROT 

Y,-l,32 

B 

CP1&$X 

DC1&$X 

ANOP 

NON&$X 

ANOP 

LN,W 

Y,X'FA‘ 

LANDN,W 

Y,X'FF' 

LOR 

X,Y 

S,W 

X,X'FA' 

ADJUST  THE  SIGNS  OF  (R  AND 

L,W 

X,X'F4' 

LXOR,W 

X,X'F5' 

L 

Y,X 

LAND,W 

Y,X'F6' 

ROT 

X,32,64 

ROT 

Y,32,64 

LT)R,W 

X,X’F5' 

S,W 

X,X'FC' 

S,W 

Y,X'FD' 

L,W 

Y,X'F6' 

LAND,W 

Y,X'FC' 

LOR,W 

Y,X'FD' 

LXOR,W 

X,X'FA' 

A2&$X 

LXOR 

X,Y 

LANDN 

Y,X 

LAND,W 

Y,X'FB' 

ROT 

Y,-l,32 

BRS 

MEND 

A2&$X 

GET  SIGN 

GENERATE  THE  V VECTOR 


X'FA' 

e POSITIVE 

(R 

AND  Q) 

X*F4' 

= V 

VECTOR 

FOR 

DIVISOR 

X'F5' 

= V 

VECTOR 

FOR 

DIVIDEND 

X'F6' 

= X’ 

0000  0001 

0000  0000 
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* EQWMA  — - ARRAY  WORDS  EQUAL  ARRAY  WORDS 


MACRO 

EQWMA 

&ARG1,&ARG2 

LI 

FP3,&ARG1 

LI 

FP1,&ARG2 

EQWA 

MEND 

* EQWM  — ARRAY  WORDS  EQUAL  ARRAY  WORDS 


MACRO 

EQWM 

GEN, 32 

X'3801481F' 

SET  WORD  MODE  TO  MIXED  MODE 

GEN, 32 

X'47008845' 

LOAD  THE  WORDS  B TO  Y 

GEN, 52 

X'47800045' 

Y » A EQU  B 

GEN, 32 

X'40102252' 

Y = Y AND  (-16  ROT  Y) 

GEN, 32 

X'40182252' 

Y = Y AND  (-8  ROT  Y) 

GEN, 32 

X'401C2252' 

Y >=  Y AND  (-4  ROT  Y) 

GEN, 32 

X'401E2252' 

Y = Y AND  (-2  ROT  Y) 

GEN, 32 

X'401F2252' 

Y « Y AND  (-1  ROT  Y) 

GEN, 32 

X'00002241' 

Y = Y AND  M 

GEN, 32 

X'380148FF' 

RESET  TO  WORD  MODE 

MEND 

P 


• EQCMA  — - ARRAY  WORDS  EQUAL  COMMON 

* 

MACRO 

EQCMA  &ARG1 

LI  FP3,&ARG1 

EQCM 
MEND 

* 

* EQCM  — ARRAY  WORDS  EQUAL  COMMON 


MACRO 

EQCM 

GEN,32 

X'3801481F' 

GEN, 32 

X'42008840' 

GEN, 32 

X'40E09952' 

GEN, 32 

X'40C09952' 

GEN, 32 

X'40809952' 

GEN, 32 

X'47800045' 

GEN, 32 

X'40102252' 

GEN, 32 

X'40182252* 

GEN, 32 

X'401C2252' 

GEN, 32 

X'401E2252' 

GEN, 32 

X'401F2252' 

GEN, 32 

X'00002241' 

GEN, 32 

X'380148FF' 

MEND 

SET  WORD  MODE  TO  MIXED  MODE 
STOR  COMMON  TO  Y(0),  OTHERS  CLRO 

Y » Y OR  (-32  ROT  Y) 

Y - Y OR  (-61*  ROT  Y) 

Y ■ Y OR  (-128  ROT  Y) 

Y ■ A EQU  COMMON 

Y » Y AND  (-16  ROT  Y) 

Y ■ Y AND  (-8  ROT  Y) 

Y ■ Y AND  (-4  ROT  Y) 

Y ■ Y AND  (-2  ROT  Y) 

Y " Y AND  (-1  ROT  Y) 

Y » Y AND  M 

RESET  TO  WORD  MODE 
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i 


I 

* NEWMA 

A 

— ARRAY 

WORDS  NOT  EQUAL 

ARRAY  WORDS 

V 

MACRO 

NEWMA 

!iARGl,&ARG2 

Li 

FP3,&ARG1 

LI 

FP1,&ARG2 

NEWM 

MEND 

* NEWM  - 

--  ARRAY 

WORDS  NOT  EQUAL 

ARRAY  WORDS 

# 

MACRO 

NEWM 

GEN, 32 

X'3801481F' 

SET  WORD  MODE  TO  MIXED  MODE 

GEN, 32 

X'47008845' 

LOAD  THE  WORDS  B TO  Y 

1 

GEN, 32 

X'4780CC45' 

Y » A NOTEQU  B 

GEN, 32 

X'40109952' 

Y = Y OR  (-16  ROT  Y) 

GEN, 32 

X'40189952' 

Y « Y OR  (-8  ROT  Y) 

GEN, 32 

X'401C9952' 

Y ■ Y OR  (-4  ROT  Y) 

GEN, 32 

X'401E9952' 

Y ■ Y OR  (-2  ROT  Y) 

GEN. 32 

X'401F9952' 

Y « Y OR  (-1  ROT  Y) 

GEN, 32 

X'00002241' 

Y - Y AND  M 

GEN, 32 

X'380148FF' 

RESET  TO  WORD  MODE 

MEND 

I 

k 

4 

I 14-A-29 


1 


* NECMA 

* 


— ARRAY  WORDS  NOT  EQUAL  COMMON 


MACRO 

NECMA 

LI 

NECM 

MEND 


&ARG1 

FP3,&ARG1 


* NECM 


— ARRAY  WORDS  NOT  EQUAL  COMMON 


MACRO 

NECM 

GEN, 32 

X'3801481F' 

SET 

WORD  MODE  TO  MIXED  MODE 

GEN, 32 

X'42008840' 

STOR  COMMON  TO  Y(0),  OTHERS 

GEN, 32 

X'40E09952' 

Y - 

Y 

OR  (-32  ROT  Y) 

GEN, 32 

X'40C09952' 

Y “ 

Y 

OR  (-64  ROT  Y) 

GEN,32 

X'40809952' 

Y « 

Y 

OR  (-128  ROT  Y) 

GEN, 32 

X'4780CC45' 

Y « 

A 

NOTEQU  COMMON 

GEN, 32 

X'40109952' 

Y » 

Y 

OR  (-16  ROT  Y) 

GEN, 32 

X'40189952' 

Y « 

Y 

OR  (-8  ROT  Y) 

GEN, 32 

X'401C9952' 

Y - 

Y 

OR  (-4  ROT  Y) 

GEN, 32 

X'401E9952' 

Y - 

Y 

OR  (-2  ROT  Y) 

GEN,32 

X'401F9952’ 

Y - 

Y 

OR  (-1  ROT  Y) 

GEN, 32 

X'0000224l' 

Y » 

Y 

AND  M 

GEN, 32 

X'380148FF' 

RESET 

TO  WORD  MODE 

MEND 

# 

♦ GTWMA 


* 

♦ GTWM  - 

* 


AR&$X 


— ARRAY  WORDS  GRATER  THAN  ARRAY  WORDS 


MACRO 

GTWMA 

&ARG1,&ARG2 

LI 

FP3,&ARG1 

LI 

FP1,&ARG2 

GTWM 

MEND 

- ARRAY 

WORDS  GRATER  THAN 

ARRAY  WORDS 

MACRO 

GTWM 

GEN, 32 

X'3801481F* 

SET  WORD  MODE  TO  MIXED  MODE 

L,W 

Y,FP3 

LOAD  THE  WORDS  A 

L,W 

X,FP1 

LOAD  THE  WORDS  B 

LAND 

X,M 

ZERO  THOSE  NOT  PARTICIPATE 

LAND 

Y,M 

ZERO  THOSE  NOT  PARTICIPATE 

LXOR 

X,Y 

X IS  THE  DIFFERENCE 

LAND 

Y,X 

Y IS  THE  BORROW 

LAND,W 

Y,X'FB' 

X'FB'  •=  X'7FFF  FFFF' 

ROT 

Y,-l,32 

BRS 

AR&$X 

GEN, 32 

X'40008845' 

Y « X 

GEN, 32 

X'46FB6645' 

Y - Y ANDN  X'FB' 

GEN, 32 

X'401F9952' 

Y » Y OR  (-1  ROT  Y) 

GEN, 52 

X'401E9952' 

Y = Y OR  (-2  ROT  Y) 

GEN, 32 

X'401C9952' 

Y « Y OR  (-4  ROT  Y) 

GEN, 52 

X'40189952' 

Y <=  Y OR  (-8  ROT  Y) 

GEN, 32 

X’40109952' 

Y « Y OR  (-16  ROT  Y) 

GEN, 32 

X'00002241' 

Y « Y AND  M 

GEN, 32 

X'380143FF' 

RESET  TO  WORD  MODE 

MEND 

* 6TCMA 


* 

• 6TCM  - 

* 


AR&$X 


•—  ARRAY 

WORDS  GRATER  THAN 

COMMON 

MACRO 

GTCMA 

&ARG1 

LI 

FP3,aARGl 

6TCM 

MEND 

- ARRAY 

WORDS  GRATER  THAN 

COMMON 

MACRO 

GTCM 

GEN, 32 

X'3801481F' 

SET  WORD  MODE  TO  MIXED  MODE 

GEN,32 

X'U20088A0' 

STOR  COMMON  TO  X(0),  OTHERS 

GEN, 32 

X'40E099B3' 

X - X OR  (-32  ROT  X) 

GEN, 32 

X'40C099B3' 

X - X OR  (-64  ROT  X) 

GEN, 32 

X'408099B3' 

X • X OR  (-128  ROT  X) 

L,W 

Y,FP3 

LOAD  THE  WORDS  A 

LAND 

X,M 

ZERD  THOSE  NOT  PARTICIPATE 

LAND 

Y,M 

ZERO  THOSE  NOT  PARTICIPATE 

LXOR 

X,Y 

X IS  THE  DIFFERENCE 

LAND 

Y,X, 

Y IS  THE  BORROW 

LAND,W 

Y,X'FB' 

X'FB'  ■ X'7FFF  FFFF' 

ROT 

Y,-l,32 

BRS 

AR&$X 

GEN, 32 

X'40008843' 

Y • X 

GEN, 32 

X‘46FB6645' 

Y • Y ANDN  X'FB* 

GEN, 32 

X'401F9952' 

Y - Y OR  (-1  ROT  Y) 

GEN, 32 

X'401E9952' 

Y • Y OR  (-2  ROT  Y) 

GEN, 32 

X'401C9952' 

Y - Y OR  (-4  ROT  Y) 

GEN, 32 

X'40189952' 

Y » Y OR  (-8  ROT  Y) 

GEN, 32 

X'40109q52' 

Y ■ Y OR  (-16  ROT  Y) 

GEN, 32 

X'00002241' 

Y « Y AND  M 

GEN, 32 

X'380148FF' 

RESET  TO  WORD  MODE 

MEND 
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* GEWMA  — ARRAY  WORDS  GRATER  THAN  OR  EQUAL  ARRAY  WORDS 

* 

MACRO 

GEWMA  &ARG1,&ARG2 

LI  FP3,&ARG1 

LI  FP1,&ARG2 

GEWM 
MEND 

• 

• GEWM  — ARRAY  WORDS  GRATER  THAN  OR  EQUAL  ARRAY  WORDS 


* 

MACRO 

GEWM 

GEN, 32 

X'3801481F' 

L,W 

X,FP3 

L,W 

Y,FP1 

LAND 

Y,M 

AR&$X 

LXOR 

X,Y 

LAND 

Y,X 

LAND,W 

Y,X'FB' 

ROT 

Y,-l,32 

BRS 

AR&$X 

GEN, 32 

X'40004443' 

GEN, 32 

X'46FB6645' 

GEN, 32 

X'401Fq952' 

GEN, 32 

X'401E9952' 
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PARALLEL  ARITHMETIC  USING  SERIAL  ARITHMETIC  PROCESSORS 
Jyh-Ming  Jeremy  Hsu 
Syracuse  University 


Abstract 

As  the  speed  of  computer  reaches  bounds  due  to  the  limitation  of 
switching  speed,  parallelism  seems  to  be  the  only  solution  to  the  problem 
of  increasing  demand  for  higher  processing  speeds.  The  arithmetic  operations 
play  a central  role  in  the  operating  speeds  of  computer  systems.  ' 

The  first  part  of  the  dissertation  analyzes  the  properties  of  bit 
serial  organized  STARAN  computer  for  bit  parallel  arithmetic  operations.  A 
mixed  mode  addressing  scheme  of  the  associative  array  memory  is  utilized  such 
that  all  the  bits  of  a number  can  be  processed  simultaneously.  New  algorithms 
for  arithmetic  operations  are  described  and  the  simulation  programs  in  APL 
are  included  in  the  appendices.  The  execution  speeds  were  measured  and 
compared  with  the  bit-serial  operations  by  actual  Implementation  in  the  STARAN. 

The  second  part  of  this  dissertation  analyzes  the  signed  digit  number 
representations.  Associative  array  structures  which  are  part  of  a modified 
STAPvAN  computer  are  proposed.  Implementation  of  a specific  signed  digit  number 
representation  witVi  radix-10  in  this  computer  are  discussed.  New  algorithms 
of  signed  digit  arithmetic  operations  are  simulated  in  A^L  for  parallel  processing 
and  arc  included  in  the  appendices.  The  execution  times  are  estimated  based  on 
the  comparable  speed  of  STARAN  system. 

Some  future  extensions  are  also  discussed. 
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CHAPTER  ]. 


INTRODUCTION 


One  of  the  main  considerations  of  the  computer  designer  is 
obtaining  the  highest  possible  operating  speed,  subject  to  various 
technical  and  economic  constraints.  Since  the  arithmetic  operations 
play  a central  role  in  the  operating  speed  of  electronic  computers, 
the  design  of  arithmetic  operations  is  an  important  subject  in  the 
development  of  new  systems.  Over  the  years  a number  of  different 
methods  have  been  developed.  The  various  approaches  are  described 
as  follows. 

1-1  Prior  Work  of  Computer  Arithmetic 

Computer  arithmetic  requires  four  operations:  Addition,  Subtraction, 
Multiplication  and  Division. 

The  simplest  binary  adder  is  built  with  a one  bit  full  adder 
circuit,  a flip-flop  for  storing  a single  carry  signal,  and  some 
control  logic.  This  is  known  as  a bit  serial  binary  adder.  A simple 
approach  to  design  bit  parallel  adders  is  to  interconnect  n one-bit 
full  adders  which  are  called  ripple-carry  adders . The  ripple-carry 
adder  may  have  intolerable  delay  since  the  carry  may  have  to  propagate 
in  the  adder  from  one  end  to  another.  Today  most  of  the  adder  designs 
are  based  on  the  carry- look- ahead  principle.  Tlie  carry-look-ahead  adder 
was  first  described  by  Weinberger  and  Smith  I 1 ] in  1956.  A systematic 
description  of  the  carry-look-ahead  principle  was  studied  by  MacSorley 
[ 2 ] in  1961.  The  carry-propagation  time  is  always  a restraint  in 
the  binary  number  representations.  Signed  Digit  Number  representations 
which  eliminate  the  carry  propagation  chains  were  studied  by  A.  Avizienis 
1 3 J in  1961.  Redundant  representations  of  numbers  are  used  in  this 
class  of  number  systems  and  the  carry  propagation  is  limited  to  one 
digit  position  to  the  left  during  the  operations  of  addition. 

Subtraction  Is  essentially  similar  to  the  operation  of  addition, 
except  that  in  subtraction  the  sign  of  subtrahend  is  changed  before 
adding  the  subtrahend  to  the  minuend. 

The  third  operation  is  multiplication.  The  general  principle  by 


15-1 


Multi- 


whlch  the  computer  performs  multiplication  Is  very  simple, 
plication  is  carried  out  by  a sequence  of  additions  and  shifts  or  shifts 
alone;  the  number  of  each  and  their  order  is  determined  by  the  multiplier 
digits.  For  binary  numbers  the  additions  are  performed  one  at  a time 
and  not  in  multiples.  The  multiplier  is  ex2unlned  from  one  end  to  the 
other,  bit  by  bit;  if  a bit  is  a 1,  addition  and  shift  is  called  for; 
and  if  the  bit  is  a 0,  only  shift  is  performed.  The  average  multipli- 
cation would  require  half  as  many  additions  as  there  are  bits  in  the 
multiplier.  The  use  of  carry-save  adders  improved  the  multiplication 
time  by  postponing  the  carry  propagation  beyond  one  stage  until  the 
end  of  all  of  the  shifts,  and  then  using  one  carry-propagate  time 
to  complete  the  additions  [ 5 ] . Techniques  for  multiplication  using 
variable  length  shifts  and  using  uniform  shifts  of  more  than  one 
were  studied  by  MacSorley  [ 2 ] in  1961.  Flores  [ 4 J presented  an 
extensive  description  in  1963. 

The  final  arithmetic  operation  is  division.  Division  is  usually 
performed  by  repeated  subtraction  and  shifts.  Division  methods  are 
usually  categorized  as  restoring  and  non-restoring.  In  the  restoring 
method,  the  divisor  is  successively  subtracted  from  the  high-order 
positions  of  the  dividend;  the  result  replaces  the  dividend.  The 
quotient  digit  is  Increased  by  one  for  each  successful  subtraction. 

When  a negative  result  of  subtraction  is  obtained,  then  the  dividend 
is  restored  by  adding  the  divisor  to  it.  The  dividend  and  quotient  are 
then  both  shifted  left  one  position  and  the  process  is  repeated.  Tlie 
non-restoring  method  eliminates  the  time  required  for  restore  addition 
operations  by  algebraic  rearrangement.  Some  other  speed-up  efforts 
by  shifting  over  O's  and  quotient  lookahead  were  described  by  Flores  [ 4 J. 

In  recent  years,  the  development  of  large  scale  integrated  circuits 
caused  new  logic  design  concepts.  Several  versatile  arrays  for  arith- 
metic operations  have  been  proposed  [ 5 to  14  ] . Most  of  these  efforts 
improve  operating  speed  by  using  the  iterative  networks  which  are  suit- 
able for  large  scale  integrated  circuits. 
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1-2  Objective  of  InvestlRation 

Givfin  the  switching  speed  limitation,  the  Integration  of  multiple 
functional  units  into  a multiprocessing  or  parallel  processing  system 
seems  to  be  the  only  solution  to  obtain  a higher  performance  digital 
computer  system.  Some  existing  parallel  processors  have  already 
demonstrated  their  processing  speed  superiority  over  the  conventional 
systems,  and  have  proven  to  be  the  answer  to  the  problem  of  processing 
some  large  scale  problems  [ 15  ] . There  are  various  techniques  for 
multiprocessing  or  parallel  processing.  Each  of  the  techniques  has 
its  merits  as  well  as  limitations  and  we  believe  that  an  ultimate 
computer  system  may  very  well  possess  several  of  these  techniques. 

This  dissertation  describes  a study  of  the  arithmetic  portion 
of  parallel  data  stream  processing  computer  systems.  One  method  which 
has  been  used  to  provide  higher  operating  speeds  is  to  use  many  simple 
arithmetic  processors  and  to  let  each  one  process  a different  data 
set.  Such  systems  are  suited  to  problem  areas  in  which  the  problem 
requires  that  many  data  streams  be  processed  in  the  same  way.  The 
Goodyear  STARAN  system  is  an  example.  In  the  STARAN  each  of  the 
arithmetic  processors  is  a simple  2-bit  input  unit.  Arithmetic  processes 
such  as  adding  two  32-bit  numbers  are  performed  serially  in  time. 

However  many  data  streams  are  processed  simultaneously,  so  very  high 
processing  rates  are  possible  for  the  system  as  a whole. 

The  arithmetic  processes  carried  out  by  STARAN  are  essentially 
serial  arithmetic  processes,  performed  simultaneously  on  many  separate 
data  streams.  The  data  streams  enter  the  arithmetic  units  one  bit 
at  a time.  In  this  dissertation,  algorithms  are  developed  for 
utilizing  the  many  serial  processors  available  to  process  data  streams 
where  all  the  bits  of  the  numbers  in  the  data  streams  enter  the  arith- 
metic process  simultaneously.  Hence,  if  a 32-bit  number  is  to  be 
added,  the  entire  32-bit  number  will  be  entered  into  32  simple  arith- 
metic units  at  one  time.  Then  the  32  arithmetic  units  cooperate  in 
completing  the  arithmetic  process.  The  algorithms  used  are  basically 
parallel  arithmetic  processes  but  they  are  performed  by  a multiplicity 
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of  simple  serial  arithmetic  units. 

Algorithms  of  this  type  are  developed  in  Chapter  2.  The  term 
"mixed  mode"  is  used  in  the  STARAH  to  describe  the  operation  of  the 
multidimensional  access  memory.  In  this  memory  words  may  be  accessed 
' serially,  one  bit  at  a time,  or  in  parallel,  all  bits  of  a number  of 

words,  at  a time.  Normally,  this  capability  is  used  in  a kind  of 
corner- turning  operation  between  parallel  memory  loading  from  external 
, devices  and  the  internal  serial  processing.  We  have  extended  the  term 

to  cover  arithmetic  processes  which  utilize  the  multidimensional 
memory  capability.  The  arithmetic  processes  are  referred  to  as  "mixed 
mode"  to  distinguish  them  from  the  serial  arithmetic  processes.  It  is 

I important  to  note  that  data  stream  parallelism  is  still  retained  in  the 

mixed-mode  case.  For  example,  a set  of  256  serial  processors  could 
do  serial  arithmetic  on  256  data  streams  or  it  could  do  32-blt  mixed 
mode  arithmetic  on  8 data  streams.  The  Implementation  and  evaluation 
of  these  mixed  mode  processing  algorithms  represent  original  work.  The 
mixed-mode  arithmetic  operations  were  Implemented  I 22  ] , and  the 
execution  speeds  are  compared  with  the  STARAN  bit-serial  operations. 

» The  mixed  mode  arithmetic  processes  developed  in  Chapter  2 

make  use  of  2's  complement  numbers.  The  speed  for  addition  and  sub- 
traction depended  on  the  longest  necessary  carry/borrow  propagation 
chain.  On  the  average  this  length  is  about  5 to  9 bits  depending  on 
the  number  of  parallel  data  streams. 

In  some  number  systems  the  carry  propagation  length  can  be  limited 
to  exactly  one  digit  position.  If  a STARAN-like  system  was  able  to  do 
arithmetic  on  such  carry-limited  numbers,  then  the  mixed  mode  arith- 
metic processes  would  be  even  faster.  Chapter  3 explores  the  imple- 
mentation of  the  signed-digit  number  representation  in  the  associative 
array  structure  computer.  An  associative  array  structure  v/hich  is 
the  combination  of  associative  memory  and  micro-processors  is  proposed. 

A STARAN-like  system  which  uses  these  associative  array  structures 
is  described.  A decimal  signed  digit  number  system  is  analyzed.  Arith- 
metic algorithms  are  developed  for  mixed  mode  processing  of  such  num- 
bers on  the  STARAN-like  system.  The  speeds  of  these  processes  are 

1 


15-4 


CHAPTER  2 


MIXED  MODE  OPERATIONS  FOR  STARAH  COMPUTER 


In  this  chapter,  mixed  mode  algorithms  for  the  STARAN  Computer 
[ 16  ] are  developed  for  arithmetic  and  relational  operations.  All  of 
the  bits  of  the  data  words  are  processed  simultaneously.  Our  analysis 
v'ill  assume  a data  word  length  of  32  bits,  so  that  up  to  8 words  in 
each  associative  array  may  be  processed  simultaneously.  Word  lengths 
of  8,  16,  64  or  any  other  length  of  2's  power  up  to  256  may  be  pro- 
cessed slBiilarly.  The  average  execution  times  are  compared  with  the 
bit-serial  operations  provided  by  the  Goodyear  Aerospace  Corporation  in 
the  standard  STARAN  Computer  [ 18  ] . 

2-1  STARAN  System  Description 

The  STARAN  system  introduces  a new  concept  in  computers, 
designed  to  achieve  very  high  processing  rates  economically.  Fig.  2-1 
shows  a block  diagram  of  the  STARAN  computer.  The  STARAN  basically 
consists  of  a conventionally  addressed  control  memory  for  program 
storage  and  data  buffering,  up  to  32  associative  memory  arrays*,  a con- 
trol logic  unit  for  sequencing  and  decoding  instruction  from  control 
memory,  and  a control  logic  unit  associated  with  a special  parallel 
input-output  (PIO)  capability. 

The  associative  arrays  are  the  heart  of  the  STARAN  computer. 

There  may  be  a maximum  of  32  associative  arrays  in  one  system.  The 
array  memories  provide  the  content-addressability  and  the  parallel 
processing  capabilities.  The  structure  of  an  array  memory  is  shown 
in  Fig.  2-2.  Each  array  contains  a multi-dimensional-access  (MDA) 
memory  with  2^^  C65,536)  bits  of  storage  and  256  oncd-bit  processing 
elements.  The  MDA  memory  is  arranged  in  a 256-bit  by  256-bit  square. 
Each  of  the  256  one-bit  processing  elements  consists  of  three  bits  of 
response  stores  X,  Y and  M registers,  and  the  associated  logic. 


* In  the  Rome  Air  Development  Center  Associative  Processor  (RADCAP) 
System,  there  arc  four  associative  memory  arrays  connected. 
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256  Units  of  Associated  Logic 


Tliese  256  one-bit  processing  elements  provide  the  parallel 
capabilities  for  each  array.  Each  processing  element  (PE)  can  be 
considered  as  a simple  one-bit  mini-processor  with  an  associated 
memory  of  256  bits  and  three  one-bit  registers.  The  associative  arrays 
can  be  assigned  either  under  the  control  of  the  Associative  Processing 
CAP)  control  logic  unit  or  under  the  Parallel  Input/Output  (PIO)  con- 
trol logic  unit.  The  arithmetic  and  relational  operations  on  the 
associative  arrays  can  be  performed  while  the  arrays  are  under  either 
AP  control  or  PIO  control.  The  response  store  registers  X,  Y and  li 
in  each  associative  array  allow  the  array  data  words  to  be  serially 
searched,  restructured  and  processed  at  a fast  rate,  256  bits  at  a 
time . 

In  a standard  STARAN  computer,  the  MDA  memories  in  the  arrays 
can  be  accessed  either  the  vertical  (bit-slice)  or  horizontal 
Cword-slice)  direction  and  with  a maximum  of  256  bits  transferred 
within  an  array  in  a single  operation.  Instructions  are  sequenced  and 
decoded  by  the  control  logic  and  executed  simultaneously  by  all  active 
processing  elements.  This  allows  bit-serial  arithmetic  and  relational 
operations  to  be  performed  on  all  words  of  array  memories  in  parallel. 

The  bit-serial  operations  are  available  as  standard  STARAN  assembler 
language  macros  [ 18  and  19  J . 

2-2  STARAN  Analysis  and  the  Mixed  Mode 

It  is  clear  that  the  STARAN  bit-serial  operations  will  have  a good 
level  of  the  utilization  of  the  associative  arrays  when  the  number 
of  data  words  approaches  thousands.  In  the  application  problems  which 
do  not  present  so  many  data  words  for  parallel  processing,  most  of  the 
array  memories  may  be  idle.  It  would  be  desirable  to  process  simul- 
taneously all  the  bits  of  a smaller  munber  of  data  streams.  Fortunately, 
the  associative  array  memory  is  designed  to  support  either  alternative. 

In  a standard  STARAN,  the  multi-dimensioual-access  (MDA) 
memories  in  the  arrays  can  be  accessed  two  different  ways;  bit-slice 
mode  and  word  mode.  The  address  mode  register  option  allows  access 
to  the  MDA  memories  in  other  modes  as  well.  The  other  modes  are  Inter- 
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mediate  to  the  bit-slice  mode  and  the  word  mode  since  they  access 
some  bits  of  some  words.  There  are  256  different  access  modes. 

However,  to  utilize  the  mixed  mode  for  arithmetic  and  relational 
i operations,  we  don't  need  all  256  modes.  Assume  the  data  word  length 

* of  32  bits,  the  mixed  mode  mod-32  and  mixed  mode  mod-64  are  sufficient 

for  aritlimetlc  and  relational  operations  [ 22  ] . 

When  an  MDA  memory  is  accessed,  the  program  specifies  two  8-bit 
bytes:  an  address  A and  a mode  constant  Z.  The  mode  constant  Z selects 
a certain  pattern  or  stencil  of  256  bits  and  the  address  A positions 
the  stencil  over  the  memory,  selecting  256  memory  bits  for  access. 

The  address  A is  either  specified  directly  in  the  associative  machine 
instruction  or  specified  indirectly  as  the  content  of  a pointer  register. 

The  mode  constant  Z is  always  specified  indirectly  as  the  contents  of 
an  address  mode  register. 

Let  T„  refer  to  the  Kth  bit  of  the  transferred  data  and  , refer 
Iv  J 

to  the  Ith  bit  of  the  Jth  word.  Given  an  address  A,  and  a mode  constant 
Z,  where  K,  I,  J,  A and  Z are  8-bit  binary  numbers,  the  association  is 

‘ ^ ^,I»CZ,A,K),  ,1(CZ,K,A) 

where  t{»(Z,X,Y)  = (~ZaX)  v (ZaY) 

From  the  above  relation,  the  mixed  mode  mod-32  (Z  = '00011111' ) segments 
each  of  the  selected  associative  arrays  into  eight  sections,  as  shown 
in  Fig.  2-3.  Each  section  consists  of  32  by  256  bits  memory  and  32 
processing  elements.  There  are  256  32-hit  words  in  each  section.  The 
mod-32  address  scheme  of  a section  is  shown  in  Fig.  2-4.  The  selection 
of  sections  is  under  the  control  of  the  M (Mask)  register.  Similarly, 
the  partition  and  the  address  scheme  of  a section  of  mixed  mode  mod-64 
are  shown  in  Fig.  2-5  and  Fig.  2-6. 

2-3  Hl£h  Speed  Arithmetic  and  Relational  Operations 

Mixed  >kjde  access  is  to  be  used  in  order  to  do  parallel  processing 


i:  ^-It  numbers.  The  elements  of  32-bit  words  should  be  stored 
’>  ' fi'  jii  can  be  accessed  simultaneously.  This  means  that 
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Fig.  2-5  Partition  of  Mixed  Mode  Mod-64 
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64  Bits  64  Bits  64  Bits  I 64  Bits 


that  the  first  and  second  numbers  should  be  separated  in  the  array 
by  the  ondulus  size.  Fig.  2-7  shows  the  storage  arrangement  for  mixed 

mode  mod-32.  For  example,  all  the  eight  32-bit  numbers  A^,  A^ 

can  be  accessed  simultaneously.  Each  of  these  eight  numbers  is 
stored  in  the  same  location  of  different  sections.  The  M (Mask)  register 
is  assigned  to  control  the  selection  of  sections.  From  the  programmer's 
view,  the  selection  of  sections  is  controlled  by  the  Array  Select 
register  (AS)  and  the  Mask  (M)  register  in  each  array.  The  control 
structure  of  mixed  mode  mod-32  is  shown  in  Fig.  2-8.  The  control  of 
mixed  mode  mod-64  can  be  described  similarly. 

The  algorithms  for  2*s  complement  binary  arithmetic  are  described 
in  the  following  paragraphs.  APL  notation  is  used  in  the  flow-chart 
to  represent  vector  type  operations.  The  APL  equivalent  of  these 
algorithms  is  listed  in  Appendix  A,  along  with  some  APL  simulation  results. 


A.  Mixed  Mode  Addition/Subtraction 

A method  for  using  2-bit  processors  for  parallel  addition/subtrac- 
tion is  the  process  known  as  Mercer's  adder.  A carry/borrow  vector 
and  a partial  sum/difference  vector  are  repeatedly  combined  until  the 
carry/borrow  vectors  becomes  zero  and  the  addition/subtraction  is 

completed.  The  equation  for  the  partial  sum  S (S  ,S  « S,S„)  and 

n— i n— / 1 O 

the  carry  C (C  „ ...  C.C.)  of  two  binary  numbers  U (U  ,U  ....  U.U.) 

n-1  n-2  10  n-1  n-2  1 0 

and  VCV  ,V  -...V,V-)  are  shown  as: 
n— 1 n— 2 1 0 

> Yi=0,l,...,  (n-1)  (2.1) 

Ci-^CUiAV^)  J 

And  the  equations  for  the  partial  difference  D(D  ,D  -...B.D^)  and 

n-1  n-2  1 0 

the  borrow  B(B  ^B  „...B, B„)  of  the  subtraction  of  two  binary  numbers 
n-i  n-2  10 

n and  V are  shown  as: 


“l  ■ ®1  ’*  '!>  \ 

“l-  <^'"1  -'V  / 


(n-1) 


(2.2) 


Since  the  formations  of  S^,  C^,  and  B^  depend  only  on  the  two  bits 
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32  Bits  32  Bits  32  Bits  32  Bits  32  Bits 


Fig.  2-8  Control  Structure  of  Mixed  Mode  Mod-32 
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and  V^,  It  is  clear  that  a 2-bit  processor  Is  sufficient.  In  the 
32-blt  mixed  mode  case,  each  of  the  32-bit  positions  are  simultaneously 
processed  by  32  separate  arlthmentlc  processors.  Once  the  sum/differ- 
ence and  carry /borrow  are  formed  and  carry /borrow  is  shifted,  the  new 
sum/difference  and  new  carry/borrow  are  formed  from  the  sum/difference 
and  shifted  carry /borrow.  The  process  continues  until  the  carry/borrow 
becomes  zero. 

In  conventional  parallel  arithmetic  \mits,  the  carry  look-ahead 
principle  may  be  used  to  reduce  the  carry  propagation  delay  by 
providing  multiple- input  combinatorial  logic  circuits.  STARAN  computer 
only  provides  very  simple  2-bit  processors.  Therefore,  the  carry  look- 
ahead principle  cannot  be  used  for  this  system. 

The  STARAN' s associative  arrays  have  only  two  response  store  registers 
X and  Y,  so  it  is  inconvenient  to  compute  the  new  partial  sum/difference 
and  new  carry/borrow  in  accordance  with  equations  (2.1)  and  '2.2), 
which  require  the  original  carry/borrow  and  original  partial  sum/dif ference 
values.  These  equations  (2.1)  and  (2.2)  can  be  modified  to  the  following 
sequential  steps.  The  modifications  are  described  in  API  notation  and 
the  operands  are  vectors. 

(a)  For  addition 


(b)  For  Subtraction 


APL  Description 

Comment 

[1]  X -t-  U 

Subtrahend 

[2]  Y V 

Minuend 

13]  X X / Y 

Difference  Bits 

14]  Y Y A X 

Borrow  Bits 

(2.4) 


As  a result  of  above  sequential  steps,  the  contents  of  X and  Y 
are  the  partial  sum/dlf ference  and  the  carry /borrow.  The  algorithms 
are  described  in  Fig.  2-9a  and  Fig.  2-9b . This  method  takes  advan- 
tage of  the  short  length  of  an  average  carry/borrow  propagation.  On 
an  average  basis,  the  carry /borrow  propagation  is  about  5 to  6 bits 
for  addition/sub traction  of  two  32-bit  data  words.  As  the  number  of 
data  words  processed  in  parallel  Increases,  the  average  maximum  carry/ 
borrow  propagation  Increases  very  slowly.  The  average  carry /borrow 
propagation  has  been  measured  on  the  STARAN  computer  for  256  pairs 
of  random  numbers  and  is  shown  in  Fig.  2-10. 

B.  Mixed  Mode  Multiplication 

In  the  multiplication  operation  in  associative  arrays,  a method 
which  uses  shifts  of  uniform  size  and  permits  predicting  the  number  of 
cycles  that  will  be  required  is  preferable.  The  procedures  described 
here  are  based  on  the  application  of  carry-save  adders  to  the  multipli- 
cation. The  idea  is  the  postponement  of  the  completion  of  the  addition 
operations  to  the  very  end.  The  partial  sum  will  be  stored  as  two  numbers 
whose  sum  is  the  true  partial  sum.  The  true  sum  is  formed  only  when 
all  the  addends  have  been  entered.  The  execution  time  of  this  carry- 
save  algorithm  is  proportional  to  the  length  of  the  multiplier  Instead 
of  the  product  of  length  of  multiplier  and  length  of  multiplicand. 
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Average  Carry/Borrow  Propagation 


The  multiplication  algorithm  for  two  32-bit  positive  numbers  is 
shown  in  Fig.  2-11,  The  main  operation  Is  the  consecutive  addition  of 
partial  product  P,  carry  C and  multiplicand  A if  the  current  bit 
of  the  multiplier  is  1. 

The  equations  are; 


new  T ■*-  T ^ C ^ A 

new  C -i-  (P  A C)  V (P  A A)  V (C  A A) 


(2.5) 


Since  the  5*  operation  is  linear,  these  equations  can  be  replaced  as 
the  following  sequentail  steps: 


11] 

12] 


new  P P ^ C A 
new  C ■<-  ((-v  new  P)  A C)  V ((''^new  P)  A A)  V (C  A A) 


(2.6) 


This  replacement  will  save  some  execution  time  in  the  operation. 

For  negative  multiplicands,  the  algorithm  is  still  the  same.  But 
for  negative  multipliers,  a conversion  of  sign  will  be  done  before  and 
after  this  algorithm  is  applied. 


C.  Mixed  Mode  Division 

A non-restoring  division  method  which  uses  shifts  of  uniform  size 
and  also  permits  prediction  of  the  number  of  cycles  is  employed.  The 
division  process  is  data  dependent , that  is , the  decision  on  whether 
to  add  or  to  subtract  at  a given  step  depends  on  the  present  value  of 
the  dividend.  Hence,  in  a parallel  process  in  which  many  divisions 
are  going  on  simultaneously,  at  a given  step  some  will  call  for  sub- 
traction and  some  for  addition.  Fortunately  the  algorithms  for  addition 
and  subtraction  are  so  similar  that  a single  control  binary  vector  V 
can  be  used  to  switch  a fixed  algorithm  from  addition  to  subtraction. 

For  example,  equations  for  subtraction  and  addition  in  equations 
(2.4)  and  (2.3),  the  only  difference  is  that  in  the  addition  process, 
the  carry  bits  are  generated  by: 

Y A ~ X 
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START 


COUNTER  •*-  32 
PROD  4-  64  p 0 
CARRY  4-  64  p 0 


MULTIPLIER t counter] 


COUNTER  - 0 


PROD  4-  PROD  f CARRY 
CARRY  4-  CARRY  a ~ PROD 
CARRY  1 (0,  1 i CARRY) 


CARRY  - 0 


Fit;.  2-11, 


Algorithm  of  Multiplication 
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vhilc  in  the  subtraction  process,  the  borrow  bits  are  generated  by: 

y ^ Y A X 


f! 


f' 

F. 

: 

f r 

f,.  1 


A single  equation  can  be  formed  in  which  a V vector  will  select  addition 
or  subtraction. 

The  equation  Is  as  follows: 

Y ■<-  Y A (V  / X)  (2.7) 

An  operation  CO-OPERATION  is  designed  so  that  It  does  addition  or 
subtraction  depending  on  a vector  V.  The  V vector  is  a 256-blt  vector 
in  each  active  associative  array.  Those  sections  whose  V vectors  are 
all  I's  will  perform  additions  and  those  whose  V vectors  are  all  O's  will 
perform  subtractions.  The  CO-OPERATION  makes  the  implementation  of  the 
non-restoring  division  method  for  parallel  arithmetic  possible.  The 
algorithm  is  described  as  a flow  chart  in  Fig.  2-12.  This  method  takes 
the  advantage  of  the  short  average  carry/borrow  propagation. 

D.  Mixed  Mode  Relational  Operations 

Except  for  the  Equal  and  Non-Equal  operations,  all  of  the  relational 
operations  can  be  done  by  subtraction  of  the  two  data  words  which  are 
compared.  The  Equal  and  Non-Equal  operations  can  be  done  by  comparing 
all  bits  of  the  data  words  simultaneously  in  the  mixed  mode  case,  so 
these  comparisons  can  be  done  in  a fixed  time  instead  of  being  data 
dependent. 

2-A  Sneed  Gains  and  Some  Capabilities 
A.  Speed  Gains 

w 

The  algorithms  for  32-bit  2*s  complement  numbers  arithmetic  have 
been  implemented  [22]  and  placed  in  the  macro  library  of  the  STARAN  sys- 
tem. The  average  execution  speeds  have  been  measured.  The  measured  or 
estimated  execution  times  and  processing  rates  for  the  mixed  mode  arith- 
metic are  included  in  Appendix  B. 

If  the  number  of  data  words  which  can  be  processed  in  parallel  is 
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COUNTER  > 0 


DIVIDENDl  -1  (j)  DIVIDENDl 
REMAINDER  ■<-  TlVIDENDCi32] 
QUOTIENT  -^^(32+  1 (})  DIVIDENDl) 


Fig,  2-12  Non-restoring  Division  Algorithm 

for  Associative  Array  Structure  Computer 
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less  than  128,  the  nixed-inode  algorithms  are  much  faster  than  the  bit- 
serial  operations  In  the  STARAN  computer.  The  addition  and  subtraction 
operations  are  almost  two  times  faster.  The  multiplication  operation 
is  five  to  seven  times  faster.  The  division  operation  is  about  twice 
as  fast.  Division  does  not  gain  as  much  in  speed  because  the  non-restor- 
Ing  division  algorithm  has  to  complete  the  addition  or  aubtractlon  in 
every  cycle. 

The  speed  of  parallel  multiplication  of  a set  of  ntimbers  by  a common 
multiplier  is  even  faster  than  the  multiplication  of  pairs  of  numbers, 
and  is  not  shown  here.  The  execution  times  of  the  mixed  mode  operations 
are  compared  with  the  bit-serial  operations  in  Fig.  2-13a,  b and  c. 

B,  Some  Additional  Capabilities  of  Mixed-Mode 

The  STARAN  memory  control  accepts  8-bit  addresses  so  there  are  256 
distinct  addresses  available  Independent  of  the  mode.  In  bit  serial 
mode,  the  256  addresses  are  addresses  of  individual  bits  in  the  data 
words.  Hence  the  hardware  allows  reference  to  any  bit  in  any  one  of 
8 32-bit  words.  The  limitation  to  8 words  is  a severe  constraint  in 
many  applications.  It  can  be  overcome  by  masking  and  data  movement  with 
some  loss  in  time.  The  mixed-mode  operations  provide  an  alternative  to 
STARAN  programmers.  In  the  mixed-mode  case,  the  256  distinct  addresses 
refer  to  256  distinct  32-bit  words  which  will  be  adequate  in  most  cases. 
However,  in  mixed-mode  if  bits  must  be  selected  from  the  data  words 
masking  is  required.  For  those  problems  which  do  not  present  over 
128  data  sets  for  parallel  processing,  the  mixed-mode  operations  provide 
higher  processing  speeds  than  the  bit-serial  operations,  and  more 
addressable  words  in  each  data  stream.  Some  modifications  of  the  pro- 
cessing hardware  to  support  mixed-mode  operations  would  yield  further 
Increase  in  speeds.  For  example,  if  carry  look-ahead  logic  units  were 
available  in  the  associated  logic  of  response  store  registers,  the 
processing  speeds  of  mixed  mode  operations  will  be  further  Increased. 
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Fig.  2-13b  Comparison  of  Execution  Times  of  Multiplication  Operations 
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lecution 


Bit-Serial  Operations 


No.  of  Divisions  to  be  Processed 


Fig,  2-13c  Comparison  of  Execution  Times  of  Division  Operations 


CHAPTm  3 SIGNED  DIGIT  NUMBER  REPRESENTATIONS  IN  AN  ASSOCIATIVE  ARRAY 


STRUCTURE  COMPUTER 


As  the  cost  of  hardware  continues  to  decrease,  and  the  cost  of  pro- 
gramming and  debugging  continues  to  increase,  the  design  convenience  and  the 
complexity  of  hardware  are  no  longer  the  important  issues.  One  of  the  impor- 
tant considerations  is  the  operation  speed.  In  the  previous  chapter,  the 
carry-propagation  chains  in  addition  and  subtraction  as  well  as  division  are 
a major  limiting  factor  in  the  speed  of  operations.  In  this  chapter,  a sub- 
stantial reduction  of  the  carry-propagation  delay  is  achieved  by  the  signed- 
digit  number  representations  [ 3 ].  In  fact,  the  carry-propagation  length  is 
limited  to  at  most  one  digit  for  addition  and  subtraction,  and  to  at  most 
two  digits  for  each  addition  cycle  of  multiplication.  The  structure  of 
associative  array  computers  is  suitable  for  this  class  of  representation. 

Some  aspects  of  hardware  requirements  in  the  implementation  of  high  speed 
operations  are  discussed.  In  order  to  circumvent  the  time  consuming  bit- 
by-bit  manipulations,  all  the  operations  are  considered  on  the  basis  of 
digit-by-digit. 

3-1  Signed  Digit  Numbers  and  its  Arithmetic  Algorithms 

The  purpose  of  signed-digit  number  representations  is  to  eliminate  the 
carry-propagation  chains  by  using  the  redundancy  in  the  representation  of 
the  operands  [ 3 ] . 

In  a conventional  number  representation  with  an  integer  radix  r >1, 
each  of  the  digits  is  allowed  to  have  exactly  one  representation:  0,  1, 

2,  r-1.  Any  n digit  number  has  a unique  representation.  In  the  signed- 

digit  number  representation,  the  digits  each  have  a unique  representation  but 
n digit  numbers  may  have  more  than  one  representation.  Tliis  characteristic  is 
used  to  limit  the  carry  length  by  selecting  arlthmeti'  processes  which  yield 
results  in  a representation  for  which  the  carry  does  not  propagate. 

The  signed-digit  number  representation  is  a positional  number  representa- 
tion with  a constant  integer  radix  r _>  3,  in  which  the  allowed  values  of 
the  individual  digits  are  from  a sequence  of  q (r  + 2 ^ q S 2r  - 1) 

Integers : 
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(“flj  •••«  b) 

where  a is  the  may.li.iiCT  digit  magnitude.  The  value  of  a is  chosen 
from  the  following  range t 

for  odd  radices  > 3,  (r  +l)<a<r  -1 

o— ’2o  — —o 

for  even  radices  + l<a<r  -1 

The  value  of  a must  be  less  than  r-  1 in  order  to  allow  a carry  of  1 
without  generation  of  another  carry.  For  example,  in  adding  two  digits 
of  maximum  value  a,  and  a carry  in  of  1,  the  sum  must  be  able  to  be 
represented  by  a sum  digit  of  magnitude  less  than  a and  a carry.  Hence, 


aH'a  + l<r  + a 


(3.2) 


which  is  equivalent  to 

a < t - 1.  (3.3) 

The  other  bound  is  the  crucial  one  for  assuming  that  the  carry  propagation 
is  limited  to  one  position.  In  summing  two  digits  whose  digit  sum  is 
a,  we  must  represent  this  digit  sura  by  a carry  and  a digit  sum  which  is 
less  than  a.  When  this  is  done  in  every  digit  position,  the  subsequent 
carry  propagation  is  limited  to  one  position.  Then 

a ^ r - (a  - 1)  (3.4) 

or  (maxiraum  value)  ^ t - (maximum  value  - 1) . 

Combining  Inequalities  (3.3)  and  (3.4),  establishes  the  relation  (3.1). 

We  should  note  that  equation  (3.1)  cannot  be  satisfied  for  r=  2,  the 
binary  case.  The  Inequality  has  different  forms  for  even  and  odd 
radices  since  and  a must  be  Integers. 

Both  positive  and  negative  values  are  allowed  in  the  digit  representa- 
tions. In  the  general  case,  a signed  digit  number  is  represented  by 
m + n + 1 digits  Z,  (1  » m,  m-1,  ...,  1,  0,  -1,  ...,  -n)  and  has  the 
algebraic  value 


m 


i's-n 


(3.5) 


15-32 


where  the  v.nluef.  of  nud  r are  such  tJiat 
r > n 


and  ~a  ^ i.  a for  all  i. 

This  representation  system  has  the  following  properties: 

(a)  The  algebraic  value  Z •=  0 has  a vmique  representation. 

Cb)  The  carry-propagation  for  addition  Is  limited  to  at  most  one  digit 
position. 

Cc)  The  transformation  botxrecn  the  conventional  representation  and 
the  signed-digit  representation  exists  for  every  algebraic  value 
within  a specific  range. 

The  elimination  of  carry-prepagatien  chains  removes  a fundamental 
constraint  of  digital  arithmetic  operations.  Hovjever,  effective 
algorithms  for  the  elementary  arithmetic  operations,  addition, 
subtraction,  multiplication  and  division,  must  be  developed.  The 
remainder  of  this  chapter  is  devoted  to  the  design  of  arithmetic 
algorithms  suitable  for  STAKAN-like  system  using  the  signed  digit  numbers 
with  limited  carry  propagation. 

The  serial  arithmetic  vs.  mixed  mode  arithmetic  alternatives  are 
retained.  TTie  user  of  the  system  will  have  the  option  of  performing 
serial  arithmetic  on  a digit  by  digit  basis,  on  many  parallel  streams 
or  using  the  same  hardware  in  mixed  mode  so  all  the  digits  are  processed 
simultaneously  with  limited  carr>'  propagation.  Only  integer  arithmetic 
will  be  considered. 

A.  Addition 

There  is  no  carry-propagation  chain  in  the  signed-digit  addition,  that 
is,  any  digit  of  the  sum  is  a function  of  only  tv;o  adjacent  digits  of 
the  operands.  The  execution  time  of  an  addition  is  independent  of  the 
length  of  the  operands  and  is  equal  to  the  time  reqiired  for  adding  two 
digits  plus  the  time  for  propagating  the  carry  one  digit  position.  Two 
fundamental  operations  in  carrj’ing  out  the  addition  are  described  as  fol- 
Itrws : 
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(a)  Opel at ion 

The  operation  (A)  is  defined  by  the  follovlng  rules; 


Aj  ® + Sj 


(3.6) 


vrhere 

and 


r is  the  radix. 

C, = 1 if  A.  + B.  > S 
i+1  1 1 max 


i+1  « 0 if  S > A.  + > -S 

max—  1 1 — max 


1+1  » -1  if  -S  > A.  + B^ 
max  1 1 

«»  0 the  carry  into  the  least  significant  digit  is  0. 


The  operation  adds  tvo  digits  and  and  generates  two  digits 
of  signed-digit  number  digits  and  S^.  is  the  carry  digit 

and  may  have  the  value  of  1,  0,  or  -1  ; is  the  partial  sura  digit 

and  may  have  the  values  from  the  following  sequence; 


C'S  ...t-l^O^li.t.iS  ) 

max  nax 

where  S < (a  - 1) 
max  — 

and  a is  the  maximum  digit  magnitude.  It  is  this  property  of 
which  assures  limited  carry  propagation. 

(b)  Operation  (S) 

The  operation  (§)  is  defined  by  the  following  rulei 


The  operand  has  the  value  of  1,  0 or  -1  ; and  has  the  maxlmimi 

magnitude  of  S which  is  less  than  or  equal  to  (a  - 1) . There- 
max 

fore,  the  operation  ® produces  a sura  digit  which  has  a maximum 
magnitude  of  a and  is  within  the  range  of  signed-digit  number  digits. 
To  generalize  the  operations,  the  operands  may  be  vectors  whose  elements 
are  digits. 

The  algorithm  for  signed-digit  number  addition  with  each  operand 
being  of  length  n digits  is  described  as  follows: 
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I 


The  first,  step  is  to  generate  the  partial  sum  and  the  carry  digits  by  | 

operation  @ . Shift  the  carry  digits  one  position  left,  then,  add 
the  partial  sum  digits  v.’lth  the,  shifted  cni-ry  digit.s  by  operation  ® , 
generating  the  sum  digits  5^’s  vhich  are  the  true  sum  of  the  signed- 
digit  numbers  A and  B. 

The  specific  definitions  of  operation  and  operation  ® depend 
on  which  of  many  possible  signed  digit  systems  is  in  use.  The  selection 
of  a specific  system  and  the  encoding  of  signed  digit  number  systems 
is  discussed  later  in  this  chapter.  However,  if  a system  of  radix-3 
is  adopted  in  which  the  digits  may  have  values: 

{ -2,  -1,  0,  1,  2 } 


he  operation  @ is  defined  by 


A.  ® B.  = S.  + 


where  is  function  of  and  B^  and  is  described  by  the  tollov7lng 
table: 


and  Is  described  by  the  following 


The  opera t Jon  (§)  is  defined  by 


where  is  function  of  and  and  is  described  by  the  following 
table: 


A simple  example  of  adding  two  4-digit  numbers  is  illustrated  as 
follows : 


Addend  A 


Adder  B 


Shifted  Carry  Cl  1 


CM 

1 

-1 

0 

-1 

0 

1 

0 

1 

CM 

In  this  cxatii'lc,  the  addend  A represents  a number  60,  the  adder  B 
represents  a number  28,  the  sum  S represents  a number  88  which  is  the 
true  sum  of  60  and  28, 


B.  Multiple-Operand  Addition 


Traditionally,  adders  are  designed  to  add  two  numbers.  There  are 
arithmetic  operations,  such  as  multiplication,  vrhlch  require  the  addition 
of  more  than  two  numbers.  The  redundancy  in  the  signed-digit  numbers 
representation  enables  us  to  design  a multiple-operand  adder  without  the 
carry-propagation  chains.  Tlie  operation  ® can  be  extended  to  allow 
simultaneously  adding  more  than  two  digits  if  values  of  the  carry  digit 
|C^|  > 1 are.  allowed  and  the  radix  r is  sufficiently  large. 

A two-step  multiple-operand  addition  method  in  shown  as  the  following 
steps: 

(1)  @ (U^,  V^,  W^,  ...  n operands)  = r (3.8) 

(2)  (D  (3-9) 

The  first  step  requires 


na  < C 4s 
— max  max 


(3.10) 


and 

where  C 

max 


C 4-  S = a 


max  max 

is  the  maximum  digit  value  of  the  carry  digits; 


S is  the  maximum  digit  value  of  the  partial  sum; 
max 

and  a is  the  maximum  digit  value  of  signed  digit  numbers. 
Equations  (3.10)  and  (3.11)  can  be  restated  as: 


C3.ll) 


or 


n £ r - 

n < 1 4 


( 

( 


r-1 

a 


r-1 

a 


) s 


max 


) c 


max 


(3.12) 

(3.13) 


The  second  step 
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the  true  sum  5^  , i.e. 


SjOCj-Sj 


(3.U) 


This  two-step  multiple-operand  addition  method  has  a rigid  restriction 

on  the  number  of  operands  n (the  number  of  data  to  be  added  up) . For 

example,  while  r ==  10,  a = 7,  S =5,  then  C = 2,  in  this  case, 

max  max  ’ 

the  maximum  number  of  operands  n is  three.  In  other  words,  in  this 
number  representation,  only  three-operand  addition  can  he  performed 
without  carry-propagation  chanis. 

Table  3-1  lists  some  typical  examples  of  signed  digit  nuj..ber 
representation  to  illustrate  the  relationships  of  r,  a,  S and  n 
in  equation  (3.12). 

For  large  values  of  n,  a better  method  with  three  steps  may  be 
used,  Tlie  three-step  method  is  executed  in  three  successive  steps: 


(1)  @ ( U^,  V^,  W^, 


(2)  S • ® = C^^^r  + 


C3)  (S) 


r + s!  (3.15) 
1+i  i 


(3.16) 


(3.17) 


In  the  first  step,  a partial  sum  and  a pseudo  carry  which  is  in 

the  range  from  a to  -a  are  generated.  Then  the  pseudo  carry  is  shifted 
one  position  left,  and  added  to  the  partial  sum  in  the  second  step. 

The  partial  sum  and  the  carry  are  generated  in  this  step,  the 

value  of  carry  is  restricted  to  the  range  from  (a-1)  to  -(a-1). 

The  third  step  is  to  add  the  shifted  carry  to  the  partial  sum  to 
generate  the  true  sum.  This  method  allovjs  any  number  of  operands  up 
to  the  number  (r+1) . in  the  step  (1)  of  this  method,  the  Operation  @ 
is  generalized  in  such  a V7ay  that  it  can  handle  n operands,  and  the 
carry  is  allowed  in  the  range  from  a to  -a,  and  two  operands 

operation  is  a special  case. 
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Table  3~1  Relations  of  r,  a,  S and  n for  Multiple- 

’ ’ max 

Operand  SiRned  Digit  Addition 
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C.  Subtraction 


To  perfonn  TiUbtractlon,  the  sign  of  subtrahend  is  changed  by 
inverting  the  signs  of  non-zero  digits,  and  addition  is  performed. 

A fundamental  operation  © which  generates  the  negative  digits  of 
the  operand  is  defined  as  follows 

® « -A^  (3.18) 

D.  Multiplication 

For  binary  numbers,  multiplication  can  be  performed  as  a sequence 
of  shifts  and  additions.  For  the  carry-save  technique,  the  multiplica- 
tion time  of  2's  complement  representation  is  proportional  to  the  bit- 
length  of  the  multiplier.  In  the  signed-digit  representation,  the 
digits  are  the  basic  unit  of  the  numbers.  The  multiplication  is 
performed  as  a sequence  of  single  digit  multiplications  and  signed- 
digit  additions.  Hence,  the  multiplication  time  is  proportional  to 
the  digit-length  of  multiplier. 

Given  the  radix  r > 3,  the  signed-digit  multiplicand  A ( A , 

^m-2  ^m-3 ^2  ^'1  ^0  ^ signed-digit  multiplier 

B(B  ,B  ---------  - -B.,B,  B,.),  the  product  P of  A 

n-1  n-2  2 1 0 * 

and  B is  shovm  as  follows: 


P - A X B 


n-1 

Ax  E B r 
i=0  ^ 

n-1  ^ 

I A X B.  r 
1=0  ^ 


(3.19) 


The  generation  of  product  p can  be  rewritten  into  the  following 
iterative  process: 


f 


Pji  *’  0 initial  vaJnc  of  partia]  product 


for  J = 0,  1,  2,  - - - - - - ^ n-? 


P - P , + A X H , 
n n-1  n-l 


vrlierc  - P Ic  the  product. 


\ 


/ (3.20) 


In  order  to  carry  out  the  signed-dlgdt  multiplication  effectively, 
a fundamental  operation  it;  defined  as  follows: 

The.  Operation  ^ multiplies  two  digits  and  of  two  signed-digit 
numbers  A and  B and  produces  a partial  product  digit 


a carry  digit  KC . , . such  that 
i+3 


Ai®“3  - ' «=14.J  + ’’l+J-l 


where  -a  ^ ® (>!>aximuip  digit  value) 


and 


r > a + 1. 


(3.21) 


The  simplest  signed  digit  multiplication  method  is  repeatedly 
generating  the  partial  products  of  each  digit  of  multiplier  and  all 
digits  of  multiplicand.  Then  shift  the  partial  products  to  a proper 
position  and  add  them  up  pair  by  pair  to  obtain  the  true  product. 
This  multiplication  method  utilizes  only  two-operand  additions  and 
operation 

Assume  that,  the  number  representation  is  chosen  such  that  the 
two-step  three-operand  addition  is  possible,  i.c. 


or 


3 < r - ( 
3 < 1 + ( 


) S 

a max 


- ) C 

a max 
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All  examiile  of  multiipli cation  is  shown  In  FIk.  3-1  which  illustrates  a 
A-dipit  nuiTiber  multiplication.  It  is  seen  that  the  three-operand 
addition  process  is  just  sufficient  to  combine  the  previous  partial 
product  with  the  nei^  carry  and  new  partial  product  resulting  from 
A X B, 


The  symbols  in  the  figure  are  explained  as  follows: 
: the  ith  digit  of  multiplicand. 


the  ith  digit  of  multiplier. 


i j 


the  partial  product  of  1th  multiplier  digi t and  the  j th 
multiplicand  digit. 


MC 


i J 


: the  carry  of  the  product  of  ith  multiplier  digit  and  the 
(j-l)th  multiplicand  digit. 


'1  j 


the  partial  sum  of  j ’ ^1  j ^*^i  j* 


Cj  (j+1)  * addition  carry  of  J ’ ^i  j ^^1  j 


1 J 


the  sum  of  S , , and  . . 

i j i j 


The  operations  of  each  step  are  shown  on  the  right  cf  the  figure. 

A modified  algorithm  which  uses  the  carry-save  idea  is  described 
in  Fig.  3-2  for  A-dlgit  numbers.  In  this  case,  a four-operand  addition 
is  assumed.  A slightly  faster  multiplication  operation  is  achieved. 

The  symbols  for  this  figure  are  described  as  follows: 


A, 


the  ith  digit  of  multiplicand, 
the  1th  digit  of  multiplier. 


1 j 


the  partial  product  of  ith  multiplier  digit  and  the  jth 
multiplicand  digit. 


MC 


i j 


the  carry  of  the  product  of  ith  multiplier  digit  and  the 
(j-l)th  multiplicand  digit. 


>.  , : the  partial  sum  of  S,.  C,.  . » P . .»  and  MC.  .. 

1 J (1-1)  j (i-1)  j i j i j 
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Pig,  3“1  Algorithrd  of  Four-filgit  Signed  Digit  Nuiriber  Multliiilcation 
with  Two-Step  Three-Operand  Addition 
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MULTIPLICAND  digits) 
MULTIPLIER  (4  digits) 


OPERATION 


1 


addition  carry  of  S,,  .t  f-,,  . » P . , and  MC . . 

i (.1+1)  ■'  (x-J)  y (!-])  j’  i .1  i j 


S.  . : the  sui;i  of  S.  , and  .. 

i -i  3 i i .1 


K.  Division 


Si£ned-dif;it  division  is  perfoiir.ed  as  a sequence  of  shifts  and 

additions  or  subtractions.  Given  the  dividend  Z and  the  divisor  D, 

the  quotient  Q ( Q , Q --  - - - 
n-1  n-/i 

are  specified  by  the  fol lowing  rules: 


- Qp  Qy  ) and  retrrjjnder  R 


and 


Z D X t)  -!  R 
|r|  < |Dl 


(3.22) 


-S'  ! 


The  above  division  rule  can  be  rewritten  into: 


R = Z - D X Q 


\ 


= Z - D X ( Q r*""^  + Q r"'^  + 
n~J  n— Z 


+ Qp  r^  + + Qq  ) 


.......  n— 1 _ _ n— 2 

Z-DxQ  r -DxQ  r 
^n-1  ^n-2 


-DxQ^r-DxQ^ 


) (3.23) 


This  equation  shows  that  the  signed-digit  division  breaks  down  into 
simpler  steps: 


'l+l  ■ "j  -■  » '=  Vj-1  ^ J ■ “• 


(3.24) 


, n-1. 
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Kach  of.  the  Q , , must  be  such  that 
n-.i-I 

-a  £ j ^ a (maximum  digit  magnitude)  (3.25) 

which  requires  that 


- ( 


r - 1 


) D r' 


r - 1 


) D r 


n-j 


(3.26) 


BO  it  can  be  used  in  the  succeeding  step.  The  simplest  method  for  each 
step  is  repeatedly  adding  or  subtracting  the  divisor  until  the  remainder 
Rj  is  within  the  specified  range. 

The  division  algorithm  for  8-dlgit  signed  digit  numbers  is  described 
in  Fig.  3-3.  In  each  step,  the  divisor  is  repeatedly  used  to  decrease 
the  magnitude  of  dividend  until  the  sign  of  dividend  is  changed.  Then  a 
comparison  is  made  between  the  two  dividends  of  different  signs  and  the 
one  with  smaller  magnitude  value  is  chosen.  The  quotient  digit  is 
altered  accordingly.  So,  in  the  algorithm  described,  the  condition 


--|-D 

is  chosen  instead  of  the  general  rule  in  equation  (3.26). 

A maximum  of  five  additions  or  subtractions  required  to  change  the 
sign  of  dividend  at  any  cycle.  The  average  number  of  additions  or 
subtractions  is  2.04.  An  additional  subtraction  is  needed  to  compare 
the  two  dividends.  About  one  half  of  the  time  this  comparison  will  call 
for  a dividend  restoration  addition  or  subtraction.  On  the  average, 

3.54  additions  or  subtractions  must  be  performed  to  generate  one  quotient 
digit.  It  is  suprising  that  the  average  number  of  additions  or  subtrac- 
tions required  to  change  the  sign  of  the  dividend  is  so  low,  2.04. 

This  result  is  obtained  by  an  analysis  based  upon  a random  distribution 
of  divisors  and  dividends  values. 

Other  methods  of  division  have  been  studied  for  the  slgned-dlglt 


15-46 


Fig.  3-3  Eight-Digit  Signed  Digit  Division  Algorithm 


J 
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INDR 

^ 1 

— 

DVIiNDl-*-  DVEND  + (INDR)x  DIVISOR  x r * (COUNTER  - 1) 


DVEND  DVENDl 


- INDR 


DVEND  and  DVENDl 
ss^re  same  sign  ^ 


Fig.  3-3  Eight-Digit  Signed  Digit  Division  Algorltlun  (Contlnous) 
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nunber  rcprcTsentatii”!': . One  niclhod  1 23  ] breaks  the  division  into 
slinplcr  steps,  encli  of  which  Js  tlie  division  of  an  (ni-l)-pleec  number 
11  by  the  n-place  divisor  V,  which  0 ^ | lemaindcr  after 

each  sCej)  is  less  than  r/2,  so  it  may  be  used  in  the  fiuccecding  sl:ep. 
'fhe  calculation  of  quotient  digits  is  based  on  several  leading 
digits  of  the.  operands.  The  method  whicli  is  based  on  the  two  leading 
digits  of  b and  the  leading,  digit  of  V requires  that 


; 


Vj  ^ r/2  J where  v^  is  the  leading  digit  of  V. 


This  requirement  leads  to  an  obstacle  since  there  is  no  general  rule 
v/hlch  maps  the  sigi'nd-digit  divisor  into  this  specified  range.  Even 
if  this  ol)Staele  were  overconio,  the  method  does  not  seem  to  offer  much 
reduction  in  the  computation  required  to  produce  a quotient  digit. 

3-2  Imp leraentatlon  of  the  Signed  Digit  Numbers  in  the  Associative  Array 
Structure  Computers 

A specific  signed-digit  number  system  i.s  suggested  here,  and 
an  associative  array  .structure  computer  is  proposed  for  this  number 
system.  Tlie  implementation  of  the  specific  signed-digit  number 
arithmetic  operations  in  the  proposed  associative  array  structure 
computer  is  discussed. 

A.  A Prepp sed  Signed  Digit  Number  System 

There  are  many  choices  of  signed  digit  number  systems.  A 
specific  digit  number  representation  is  suggested  here. 

Since  the  decimal  habit  is  deeply  ingrained  in  the  human  society, 
and  too  large  a radix  number  requires  too  much  logic  for  encoding 
digits,  the  radix  r = 10  is  chosen.  The  allowed  va'ues  of  the 
individual  digits  are  chosen  from  the  sequence  of  integers: 


l>iL&  arc:  neeuecJ  to  encode  one  digit.  The  2' a coinpl  enient  4-bjt  code 
which  provides  a unique  zeio  representation  is  suggested.  'Jiiis  choice 
of  number  system  doe:?  not  involve  complex  logic  and  also  aJiov.'s  tlie 
two-step  three— operand  addition,  therefore,  the  two-step  t fi ree-opernnd 
laultiplicatlon  algorithm  is  appliccf'le.  The  division  algorithm 
described  is  also  effective. 

B.  A Proposed  Associative  Array  Structure  Computer 

In  the  associative  array  computer  systems,  tlie  arithmetic  operations 
are  executed  in  the  associative  arrays.  An  associative  array  structure 
whicli  is  suitable  for  the  implementation  of  the  radix-10  .signed-digit 
number  arithmetic  operations  is  proposed  in  Fig.  3-/1.  Each  associative 
array  consists  of  256  by  256  bits  square  multidimensional  access  (MDA) 
memory  and  five  response  store  registers  M,  X,  Y,  Z and  W.  The 
multidimensional  access  (MDA)  memory  not  only  can  be  accessed  in  word 
mode  and  bit-slice  mode,  but  also  can  be  accessed  in  mixed  mode,  i.e., 
some  bits  from  some  words.  The  mixed  mode  addressing  scheme  allows  the 
processing  of  all  bits  or  all  digits  of  tbe  same  data  words.  Each  of 
the  response  store  registers  is  256  bits  long.  Assoclate.d  with  the 
response  store  registers,  there  are  64  units  of  micro-processors  which 
are  4-bit  parallel  processing  units  with  a modest  size  of  Read-Only 
Memory  (ROM) . User  programmable  Read-Only  Memory  would  provide  more 
flexibility.  Wc  require  that  the  tabic  look-ujj  techniques  are  possible 
in  ROM.  Every'  four  bits  of  each  of  the  response  store  registers  are 
connected  to  the  corresponding  micro-processors.  Tlie  proposed  structure 
may  he  considered  as  64  units  of  mini-processors,  each  of  which  has  five 
4-bit  registers  and  2.56  4-bit  words  memory.  Tills  structure  is  also 
suitable  for  manipulating  decimal  numbers  w’hose  digits  are  encoded  into 
four  bits. 

A modified  ST/\RfiN  system  is  sbov7n  in  Fig.  3-5.  The  associative 
array  structures  replace  the  associative  array  memories,  and  the  AP 
control  and  the  PTO  control  are  able  to  control  the  five  response  store 
registers  in  the  associative  array  structures. 
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(64  Micro-Processors)  Processor 


f 


"I 


In  thn  STAIIMJ  r.ysLtnn,  the  instruction  speerj.*;  are  determined 

by  the  si>eed  o£  data  storap.e  and  retrieval  in  the  MDA  memory.  Since  the 
same.  MDA  memory  c.nn  be  ust;d  in  the  ]>roposed  syslcm,  it  is  assumed  tliat 
the  memory  dctenp.lnos  tlic  Lime  required  for  the  fundamental  operations. 
Thl.s  will  allow  a reasonalOy  accurate  estimation  of  tlie  relative  speeds 
of  mixed  mode  si^’.ned  di[;;Jt  opc-r  ,'jtlons . 

C.  Ir’nlemcntat'’ on  ConfrJ  d era '■  i^ns 

The  signed- digit  at.ilhtneTic  opci.atinnr.  are  based  on  combining  pairs 
of  digits.  Dach  digit  i'l  encoded  into  four  bits.  The  2's  complement 
codes  are  cheser  in  the  implementation  because  they  have  a unique  zero 
representation.  The  impl ement.'iti on  \7l.ll  assume  a data  word  of  length 
32  bits,  l.e.,  eight,  digits  with  four  bits  per  digit,  so  that  up  to 
eight  words  'in  each  associative  arr.sy  r.t.ructnT:'  may  be  processed  in 
parallel. 

The  fundamental  operations  ain^  Irapl  er.icnted  in  the  micro-processors 
and  the  arithmetic  algorithms  are  implemanted  in  the  associative  arra> 
Structure  control  programs.  In  order  to  impleme.iit  the  fundamental 
operations,  some  desirable  features  of  the  micro-processors  are: 

(1)  Four  four-bit  general  purpose  registers. 

(2)  A four-bit  arithmetic  and  logic  unit. 

(3)  Instruction  set  includes  the  conditional  branch. 

(A)  User  programmable  Read-Only  Memory  (ROM)  with  size  2K  by  8 bits,  and 
table  look-up  techniques  are  possible. 

(5)  Eight-bit  parallel  data  channels  are  provided  to  transfer  data 

betvreen  the  Read-Only  Memory  Data  Register  (RCl-DR)  and  the  general 
purpose  registers,  also  between  the  Read-Only  Memory  Address  Register 
(ROMAR)  and  tlie  general  purpose  registers. 

The  micro-processors  share  four  general  purpose  registers  v’ith  the  MDA 
memory.  In  other  words,  evei’y  four  bits  of  the  response  store  registers 
X,  Y,  Z and  W are  also  general  purpose  registers  of  the  micro-processors. 
The  table  lool -up  procedure  is  to  load  two  A-bit  data  from  two  general 
purpose  registers  to  the  ROW.R,  search  the  cent  cuts  of  the  address  of 
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KOMMl,  obtain  the.  contents  in  ROKI)R,  and  then  transfer  the  8-bJt  data 
from  ROMDR  to  two  of  the  4-bit  general  purpose  registers.  All  these 

actions  can  be  implemented  as  Instruction  in  the  micro-processo7 o with  J 

e 

a few  micro- in.s true t ions. 

The  specific  fundamental,  operations  for  the  proposed  signed-digit  , 

number  arithmetic  are  described  in  Appendix  C.  Fundamental  op<  • ;itlons 

P 

are  executed  in  the  micro-processors  by  table-look-up  te.chnlques.  , 

Based  on  the  proposed  number  system,  the  fundamental  operation  ^ 

needs  about  256  by  8 bits  of  ROM  for  two-operand  case.  The.  same  will  y 

be  needed  for  operation  (3).  The  other  fundamental  operations  need 

j 

smaller  sizes  of  ROM.  It  is  estimated  that  approximately  2K  by  o hits  \ 

ROM  is  sufficient  to  implement  all  of  the  two-operand  fundamental  ! 

operations.  The  /vPL  documentations  of  signed  digit  arithmetic  in  | 

Appendix  D are  based  on  the  assumption  that  onlj'  two-operand  addition 

l' 

is  possible. 

Further  increase  in  the  operating  speed  of  multiplication  could  ■ 

be  achieved  by  extending  the  addition  operation  to  three  operands,  i 

but  this  extension  would  Increase  the  required  size  of  ROM  up  to  4K  ' 

words  for  Operation®.  Tlie  fundamental  operations  are  the  operations 
described  earlier  for  arithmetic  processes  such  as  Operation  ®,  ; 

< Operation®,  Operation  ® and  Operation®  In  addition,  a few  operations  - 

have  been  included  which  were  found  desirable.  Tlie  individual  operations  ' 

used  in  the  algorithms  are  limited  to  those  included  in  Appendix  C. 

^ ' APL  is  used  to  document  and  to  simulate  in  detail  the  signed  digit  \ 

arithmetic  processes.  Appendix  U includes  the  detailed  APL  description  f 

of  the  algorithms  and  some  simulation  runs . 

Even  faster  si)eeds  could  be  obtained  if  the  fundamental  operations  j 

1 

‘ are  implemented  with  combinatorial  circuitry.  It  has  been  assumed  that  ‘ 

the  fundamental  operations  in  micro-processors  is  cxecu''ed  by  table  - 

i look-up  method.  This  will  penait  the  use  of  general  purpose  high  speed  ; 

ROMs  for  signed  digit  arithmetic. 


3-3  Spood  f^ciinn 

The  sij’ned  disit  nrillmetlc  operatSonf;  caij  be  iTnjjlcniented  in  the 
modified  SIARAN  system  which  is  shovm  in  Pig.  3-5.  The  e.'xccution  times 
and  proc.essinp,  rates  are.  estimated  and  are  Incinded  In  Appendix  E. 

Tills  estimation  based  on  the  assumption  that  the  table  lool.-up  speed 
in  the  micro-processoi  s is  about  the  same  as  STARAh''s  memory  store 
cycle  time. 

Fig.  3-6a,  b and  c show  the  covjparisons  of  execution  t.ijries  between 
the  eight-digit,  radix-10  .signed-digit  number  arithmetic  operations  and 
the  32-biV  ?. 's  coTi.plement  number  mixed  mode  opeiations.  The  addition 
and  subtraction  of  si.gnecl  digit  numbers  are  improved  about  3 2 to  16 
times;  the  mul  tiplicatic.n  operations  are  about  8 to  12  times;  and  the 
division  operation.s  are  about  2 to  3 tj.mes.  From  the  Fig.  3-6a,  b and 
c,  we  have  to  note  that  the  executit'ii  I lines  of  addition,  sulutraction  rnd 
multiplication  are  independent  of  the  number  of  data  words  in  parallel 
if  the  size  of  associative  array  structure  is  unlimited.  Tlie  execution 
tijnes  of  signed-digit  division  increases  fur  slo\7er  than  those  of  2's 
complement  mixed  mode  operations  as  the  number  of  data  in  parallel 
inci  ea.ses . 


se 


chat'TI-t;  /( 


CONCTir.TONS 


The  desipn  of  aritlmetlc  :-nd  lop,ic  unit  is  an  imj-'ortant  subject 
in  the  developncnt  of  a new  conputer  syslrai.  The  use  of  nultldlmenr.ional 
array  incnory  in  impleinentin},  a parallel  processor  seems  to  provide  an 
oppoTtuxiity  for  Improving,  processiny;  speed  at  low  cost.  This  disserta- 
tion proposes  methods  for  implcmriitrition  of  parallel  arithmetic 
operations  by  utilininf^  the  unused  hardware  facilities  to  speed  up 
the  operating  speeds. 

Chapter  2 discusses  the  im])] ementation  of  2's  complement  binary 
irumliei.  iepiet>eiitai:ioas  in  the  ST/djuI  system.  The  idea  of  using  the 
mixed  mode  addressing  capabilitj-  In  the  multldim.enslonal  access  memory 
to  implement  the  parallel  aritb.’!;f:tlc.  operations  in  which  all  the  bits 
within  the  data  are  processed  in  parallel  and  the  data  streams  are  also 
processed  in  parallel  is  original.  Within  the  capacity  of  the  multi- 
dimensional memory,  the  mixed  mode  addition/subtraction  operations 
are  about  two  times  faster  than  the  bit-serial  operations;  the  mixed 
mode  raultlplicat ion  operations  are  about  five  to  seven  tiines  improvement; 
and  the  mixed  mode  division  operations  arc  about  two  times  faster. 

The  improvement  in  operation  speeds  is  significant. 

Chapter  3 studies  the  signed  digit  number  representation  in  a 
STARAN-like  associative  array  computer.  Addition  in  signed  digit 
number  systems  requires  a carry  operation  of  only  one  digit  position. 

The  arithmetic,  algorltluns  for  processing  all  the  digits  within  the 
data  in  parallel  as  v/ell  as  processing  the  data  strecims  in  parallel 
are  developed.  The  connection  of  micro-processors  and  the  signed  digit 
number  systems  for  parallel  processing  is  an  original  work.  That  is, 
the  digit  operation.s  are  carried  out  by  means  of  hardware  table  look-up 
technique  while  the  arithmetic  algorithris  themselves  are  developed  in 
softv.'arc.  The  exectiLlon  times  for  decimal  signed  digit  number  addition/ 
subtraction  operations  in  STATuVli-like  system  are  about  twelve  to 
sixteen  times  faster  than  the  mixed  mode  operations  in  ST/Jbd^;  the 
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r.igncd  dip, It  ru’'' l ii^li  cat  imi  operations  are  about  ci<.,lit  t o iv.olvc:  times 
faster;  and  the  divisJon  operations  are,  about  two  to  thrc-n  times  faster. 
All  thifj  effort  i:;  to  improve  the  porfcnnance  for  {^encal  apiJ? Ication 
problems,  low  cost  micro-  proces.sors  are  empi.oyed  in  the  inijlementatlcn 
of  a dicimal  sip.ned  d.ipit  number  reprer.entati on,  and  the  improvement  of 
processing  speeds  is  significant. 

Further  study  of  the  error-detecting  and  error-correcting  properties 
of  this  kind  of  number  representations  is  needed.  The  development  of 
floating  point  arithmetic  in  mixed  mode  is  an  interesting  area.  An 
improvement  of  the  division  aJgorithii  and  the  cor.ip!! etion  Oj.  the  logic 
design  in.  Cluiptcr  3 arc  e.lco  needed.  Another  area  of  furrl-.r-.y,  v?ork  is 
the  general  problem  of  full  utilization  of  the  hardware  facilities  for 
different  sizes  of  application  problems. 
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AVrr.NDlX  A APL  nnClI’IEN’TATlON  or  THE  MT.XlHt  TIOHE  0?ril/..T10NS 
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The  Hlporithms  of  Adclitinn,  Subtraction,  Multiplication  and 
Division  ctc  simulated  Jn  AHL  functions.  The  addition  and  subtraction 
al(;oritlniiri  operate  on  3?-blt  2's  comi)leiient  number  representation. 

T’hc!  multiplication  and  division  alporilbms  described  operate  on 
positive  numbcis  of  32-bit  2's  cor'.plement  numbers.  In  order  to  handle 
)iepatlve  numbers,  the  conversion  of  nepaitve  numbers  to  positive, 
or  vice,  verse,  lias  to  be  done  before  and  after  the  algorithms  are 
applied.  Tliese  algorithms  are  implemented  on  the  Rome  Air  Development 
Center  Associative  PjoeessoT.  (R/iOC/d')  sy.stei;i  in  R.A.D.C.,  Rome,  Dew 
York  [ 22  ] . The  Al’L  simulation  pj'opratns  are  listed  in  the  following. 
Every  operation  shown  in  the  APL  version  corresponds  to  one  or  more 
machine  operations  on  STARM"!. 
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APL  Documentation  of  Mixed  Mode  Addition  on  STARAN 


i 

i 

r 

L 


» 


^MADDiU']^ 

V MADD 

[1]  lO 

[2]  'ADDEND-.' 

[3]  ADDEND*- -U 

[4]  '2"S  COMPLEMENT  BINARY  ADDEND:' 

[5]  U*-X*-{  2)  j ADDEND 

[6]  xO 

[7]  'ADDER-.' 

[8]  ADDER*U 

[9]  '2"S  COMPLEMENT  BINARY  ADDER-.' 

[10]  U-*Y->r(‘i2o  2)1  ADDER 

[11]  xO 

[12]  LA-.X*-X*Y 

[13]  n X IS  THE  PARTIAL  SUM 

[14]  Y-*Y^~X 

[15J  n Y IS  CARRY 

[16]  y-<-i  + y,o 

[17]  n y J5  THE  SHIFTED  CARRY 

[18]  *LA^\{+ /Y=1)*0 

[19]  n BRANCH  TO  LA  IF  CARRY  IS  NOT  ALL  ZEROS 

[20]  '2"S  COMPLEMENT  BINARY  SUM-.' 

[21]  Q*-SUM->-X 

[22]  'SUM:' 

[23]  □-*--(  ( 2xS£/W[l]-l  )x(5yW[  l]  + (32p2)l((  3 2pSUM[  1 D^^SUM)  ) 

V 


/ 


r 


I 

ft 

I 


I • 15-62 


Excunple  1 of  Mixed  Mode  Addition 
MADD 


ADDEND: 

□ : 

239701 

2 '5  COMPLEMENT  BINARY  ADDEND: 
OOOOOOOOuO 
11110110 
0 1 


ADDER: 

□ : 

3310764 

2 '5  COMPLEMENT  BINARY  ADDER: 
0000000000 
10000100 
0 0 


2 ’5  COMPLEMENT  BINARY  SUM: 
0000000000 
10110010 

SUM: 

3570465 


Example  2 of  Mixed  Mode  Addition 
MADD 


ADDER: 

□ : 

6 5210 

2'S  COMPLEMENT  BINARY  ADDER: 
0000000000 
11111110 
1 0 


2'S  COMPLEMENT  BINARY  SUM: 
1111111101 
00101011 

SUM: 

9067841 


0 

0 


ADDEND: 

□ : 

-9133051 

2 '5  COMPLEMENT  BINARY  ADDEND: 
1111111101 
10100100 
0 1 


0 

1 


ir 


I 


B.  APL  Documentation  of  Mixed  Mode  Subtraction  on  STARAN 

vwsyB[D]v 

V MSVB 

[I]  lO 

' [2]  'MINUEND-.* 

[ 3 ] MINUEND*-U 

[4]  '2"S  COMPLEMENT  BINARY  MINUEND:' 

[5]  U->-X->-(32p2)tMINUEND 

[6]  n 2'»5  COMPLEMENT  OF  MINUEND 

[7]  lO 

[8]  'SUBTRAHEND:' 

[9]  SUBTRAHEND-^-U 

[10]  '2''S  COMPLEMENT  BINARY  SUBTRAHEND: ' 

[II]  n-'-Y->-{32p2)r  SUBTRAHEND 

[12]  fi  2"S  COMPLEMENT  OF  SUBTRAHEND 

[13]  \0 

[14]  LA:X-^X*Y 

[15]  n X IS  THE  PARTIAL  DIFFERENCE 

[16] 

[17]  fl  Y 75  THE  BORROW 

[18]  Y-<-llY,0 

[19]  n Y 75  THE  SHIFTED  BORROW 

[20]  ->L/lxi(+/Y=l)!eO 

[21]  n BRANCH  TO  LA  IF  BORROW  IS  NOT  ALL  ZEROS 

[22]  '2"S  COMPLEMENT  BINARY  DIFFERENCE:  ' 

[23]  U-'-DIFFERENCE-'-X 

» [24]  'DIFFERENCE:' 

[25]  a-^-(  ( 2^DIFFERENCEil'\)-l)y.(DIFFERENCEll1-^(  32p 

2)L{{32pDIFFERENCEll']*DIFFERENCE)  ) 

7 


Exnnnilc  3.  of  KixocI  Mode  Si:htract ion 


Exannile  2 of  Mixed  Mode  Subtraction 


llSUii 

HIi:UEllD ; 

U: 

336842 


2'S  COnFLEifEiiT 

DTilARY  hi  I urn. 

'RDl 

0 0 0 0 0 

0 0 0 0 

0 0 

0 

0 

1 

0 

1 

0 0 1 

1 0 

0 0 0 1 

1 1 

1 

0 

0 

1 

0 

SUD'ERA  IlEUD : 
li: 

15562287 

2'S  COtIPLErEiiT 

BINARY  nUDTRA. HERD ; 

0 0 0 0 0 

0 0 0 1 

1 1 

0 

1 

1 

0 

1 

Oil 

1 1 

10  11 

0 0 

0 

1 

0 

1 

1 

2 *S  COllPLEl'EiJT 

DIRA R y DIFFEREF CE ; 

11111 

1110 

0 0 

1 

0 

1 

1 

1 

110 

110  0 

1 1 

0 

1 

1 

DIFFERENCE : 

13225445 


1 
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C.  APT.  l)of  un-.<<ntrr -Jon  of  Node  MiiltJpl jeatior.  cm  S'i'/iKAN 

ViUWLUy]  V 

V 

[1]  lO 

[2]  yUJLTIPLn'A.-m:  ' 

[31  liVLTTPLj 

[i)]  'lUPApy  A 7 f.'.'i ; 7; : ' 

[ 5 ] '^jPLJCa  pD'-  ( 3 ? d 2 ) -ppl  tiplica  no 

[(.3  ft  nPtPApy  PULTIPLICAiU) 

[7]  lO 

[«]  *!’ULTIPLIF.Ux' 

[91  lWLTTPLrnR<-?< 

[ 1 n 1 • lilPA  py  ,'7/7 TIPLIPU  : • 

[11  ] \>’'UhT  IPLI.  ■ 'PJLTIPLiy.P 

[12.1  fi  B.rpf,r>Y  ai/LPIPLirp 
[131  lO 

[i'l]  n FFT  TPP  TrlTIAL  VALUIir,  OP  COUrprTj^  PFODUC?  CA^P 

y 

[151  COlJilTPn-^-A? 

[IGl  iipO 

[17  1 C-iP-p-y-f-r-tioo 

[iPl  LOOP  i-^r.PPOy.  \f)  = '^ULTTPLIPp[ CnUr^'P’-^l 

[191  PFODUC P<-PrOD UC'J'^CAPPY-^^<UL-TIPLIcr  pp  , 3 2 p 0 

[20]  p.  PARTIAL  PRODUCT 

[ 21 1 CAPHY-^-  ( CA  PPy  A'-PPODUC^'  ) v ( ( ~P'^r'DUCT  ) aP.'JI  ’rpLT  0-i  ^'P , 

3 2 p 0 ) V ( C/1  -P PPI A’ WL TIPLICA PD , 3 2 n 0 ) 

[22]  -*OVP 

[23]  ZERO  : CA  cjiC/  HP  Y 

[ 21)  1 OPE : P Fr)DUCT^  ~l  (YfP^OPUCT 
[ 25  1 COUETEP^COIJVPlP-1 
[ 2G  1 -^LnOP'<  \ COUrTPE^O 

[27]  ft  TRIE  LOOP  ADD  TEE  CAPRY  TO  T''E  P/I'^'^^  'ir^  oy./  7, 

riE  TRUE  Sir; 

[2Pl  ADD:P^nr)UC--<-Pr,ODUCTv-CARRY 
r 29 1 CAPRY-^-CAP^^y  A'-'onoDUCT 
[ 30  ] CARRY-^-l  4 CA  PPY , 0 

[31]  -*-A  PPx  1 ( + / CA  PRY .-0)^0 

[32]  ' BIPA'^Y  PRODUCT:  ’ 

[33]  r.KPPCP,7(77 

[34]  'PRODUC''':' 

[35]  rX  C4n2  )iPPC.7P(:? 

V 


Example  of  Mixed  Mode  Multiplication 

mwL 

HULTIPLICAUDi 

J: 

47732 

BIHAR i MULT  IP L ICA UD : 
00000000000 
101110100 
0 0 


0 

1 


0 

1 


0 

1 


0 0 
0 1 


MULTIPLIER ; 

J: 

136 

BIHAR!  MULTIPLIER-, 
0 0 0 0 0 0 
0 0 0 0 
0 0 


0 

0 


0 

0 


0 

1 


0 

0 


0 

0 


0 

1 


0 

0 


Bin  ARY  PRODUCT'. 

000000000000 
0000000000 
OOOOllOOOl 
0110100000 
PRODUCT ; 

6491552 


0 

0 

1 


0 

0 

0 


0 

0 

0 


0 

0 

0 


0 

0 

0 


0 

0 

1 


0 

0 

1 


D.  APL  Documentation  of  Mixed  Mode  Division  on  STARAN 


V MDIV 

r 1 1 lo 

L 2 J 'DIVIDEND-.  ' 

[3]  DIVIUENDMI 

[4]  'BINARY  DIVIDEND-.' 

[5,  i]^DIVlDEND->-K27<i2)lDIVIDEND 

1 6 J lO 

[7]  'DIVISOR-.' 

[8]  DIVISOR-<-U 

[ 9 1 'BINARY  DIVISOR:  ' 

[10  ] □■<-£)Il'J5(?/?-<-(3  2p2  )tZ)J17J5C/? 

L 11 J lO 

112]  COUNTER->-22 

L13]  DIVIDENDl-<r{32pO)  , DIVIDEND 

[14]  DIVIDENDi^l<^DIV  IDENDY 

[15]  AGAIN  -.DIVISORl->-DIVISOR  ,32o  0 

[16'  V->-(32pDIVIDENDl[ll  ,32p0 

[17]  p THE  FOLLOWING  BLOCK  IS  THE  CO-OPERATION  ACTION 

[18]  COP:DIVIDEND\->^D  IVIDENDl^DIVISORl 

[ 19  ] DIVIS0Rl-*-DIV130Rl/-^V^DIVIDENDl 

[ 20  J DIVISORl-^WDIVISORl  ,0 

[21]  -*C0P>^\{+  /DIVISORl^l)*^) 

[22]  DIVIDENDl-<-l^DIVIDEND\ 

[23]  COUNTER*-COUNTER-  \ 

124  1 ■*ACAIN^\COUNTER>f3 

[25]  DIVIDENDl-<-~  1<^DIVIDEND1 

[26  1 REMAINDER^DIVIDENDU\32} 

[ 27  ] UPDATE-^DIVISORf^32pREMAINDER[  1 ] 

[28]  R THE  FOLLOWING  BLOCK  ADJUST  THE  REMAINDER 
[ 29  ] BB  -.REMAINDER-^REMAINDER*UPDATE 

[30]  UPDATE■<rUPDATE^'-REMAINDER 

[31]  UPDATE<-liUPDATB  ,0 

[32J  ->-BBy^\(.+/UPDATE=l)*0 

[33]  QU0TIENT*-~{32il  4)  DIVIDENDl) 

[34]  'BINARY  QUOTIENT-.' 

[35]  n-^QUOTIENT 

[36]  'QUOTIENT-.' 

[37]  0*-{32p2)iQU0TIENT 

[ 38  ] 1 0 

[39]  'BINARY  REMAINDER-.' 

[40] 

[41]  'REMAINDER-.' 

[42]  3 2p2)i/?EA[/lJ]V£)£'/f 

V 
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Examplo  of  Mixed  Mode  Division 


HD  IV 

DIVIDEVD : 

U: 

4789941 

BIHAR  I DI''IDEHDi 

OOOOOOOOOlOOlOOl 

OOOlOllOlOllOl 


DIVISOR l 
Ll: 

3559 

BIHAR  I DIVISOR: 

0000000000000000 
OOOOllOllllOOl 
1 1 

BINARY  QUOTIENT: 

00000000000000000000 
010101000001 
QUOTIENT : 

1345 

BIN A R Y RENA  IE DER : 

00000000000000  0 00000 
110000001110 
REMAINDER: 

3086 


AVl'lIXPIX 


i:::i.ci.'i']ON  T]>n:s  a~;»  imujci^ssing  KAirr.  _oi' _pit 
orEi;.\TiOAr:  ANi)  MJ.::i:n  modj-:  orr.R/vTioNs 


KOUEN'J  j.AG 


The;  f.o].lov.’ ^.nj,  I'ables  list  the  execution  tlTiier.  and  processing  rates 
of  the  crithractlc  o))cratlons  in  bit-seqnentijal  operations  and  iu  mixed 
mode  operations.  Them  dat.n  v-ere  -.'easvired  on  the  STARAN  compnter  by 
testing  on  256  pairs  T3n'’o-.i'  nunihert-. 


1 


i 


1 

] 
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t o be  procerififfl 


bit  S’,  spicnf  i 

■ il  Opel  .Tt  ions 

(22  bit  2’;, 

Oo’riplt  “lent) 

Execution 

Processing, 

line 

)vl  l Ll 

( p-soc.) 

( op, /sec.) 

1.28  >:  10^ 

7.813  X 10^ 

1 . 2 f j X 10^ 


1.2(3  >■  10^  1 3.125  X 10 


1.28  X lo--*  ! 0.250  X 10 


1.28  X 10-'  1 1.250  X 10 


1.28  X lo^  I 2.500  X 10 


1.28  >:  10-'  I 5.000  X 10 


1.28  X 10'^  1.000  X 10-'’ 


1.28  X 10^  2.000  X 10^ 


1.28  X 10^  I 4.000  X 10^  1088 


1.28  X 10^  6.000  X 10^  2176 


1.28  X 10'^  1.600  X 10^’  4352 


10^  3.200  X 10^  8704 


5.495  X 10^ 


9.709  X 10' 


1.778  X ]0^‘ 


3.390  X lo'^' 
6.533  X 10^' 
1.26C  X lo'’ 


2,435  X 10 ’ 


4,706  X 10“ 


4.706  X 30“ 


4.706  X 10“ 


4,706  X 10“ 


4.706  X 10 


4.706  X 10“ 


1.28  X ir,-’’  6.400  x 10*-'  1.741  x 30^  4. 


706  X 10“ 


2.56  X 10'  16.400  X 10"  | 3.482  x lo''  4.706  x 10^ 


Tab3o  1!-?  Uxe  ru'Ton  Tiiio''  i'l.d  rvort  >■, 


of  Kii3t  jp3  ir.it f on 


5- 


Bit-Sequcntiril  Operations 

(32-))it  2's  Complement) 

Mixed  Mode  Operations 

( 32-b  it  2 ' s Ccr.ip]  cment ) 

No.  of  Operations 

to  be  processed 

Execution 

Time 

( p-sec.) 

Proccssln!» 

Rates 

( op. /sec.) 

Execution 

Time 

( u-sec.) 

Processing 

Rate 

( op. /sec.) 

1 

1222 

8.183  X 10^ 

545 

1.835  X 10^ 

2 

1222 

1.637  X 10^ 

643 

3.110  X 10^ 

2=^ 

1222 

3.273  X 10^ 

723 

5.533  X 10^ 

2^ 

1222 

6.547  X 10^ 

817 

9.792  X 10^ 

2^ 

1222 

1.309  X 10^ 

897 

1.784  X 10^ 

2^ 

1222 

2.619  X 10^ 

978 

3.272  X 10^ 

2^ 

1222 

5.237  X 10^ 

1.059  X 10^ 


6.043  X 10^ 

2^ 

1222 

1.047  X 10^ 

1.140  X 10^ 

1.123  X 10^ 

2« 

1222 

2.095  X 10^ 

2.280  X 10^ 

1.123  X 10^ 

9 

2 

1222 

4.190  X 10^ 

4.560  X 10^ 

1.123  X 10^ 

2^° 

1222 

8.380  X 10^ 

9.120  X 10^ 

1.123  X 10^ 

2“ 

1222 

1.676  X lO*' 

1.824  X 10^ 

1.123  X 10^ 

2^^ 

1222 

3.352  X 10^ 

3.648  X 10^ 

1.123  X 10^ 

2^^ 

1222 

6.704  X 10^ 

4 

7.296  X 10 

1.123  X 10^ 

2^' 

2444 

6.704  X 10^ 

1.459  X 10^ 

1.123  X 10^ 

Table  B-3  Execution  Times  and  Processing.  Katr.r  of  Division 
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APrrNnix  c Firn^AMrA^r/j.,  operations  of  a df.ctmm.  stcnet)  digit 

NUIIBER  SVSTh’M 

The  fundamental  operations  depend  on  the  base.  For  a radix-10, 
digit  values  from  7 tc  -7,  signed  digit  number  system,  the  fundamental 
operations  are  defined  for  elementary  operations  which  can  be 
lmplemente.d  In  the  micro-processors.  Tlie  fundamental  operations  are 
described  in  the  following  tables ; 

A.  Fundamental  Oiierc.tions  for  Addition  and  Subtraction 

(a)  Opera tion 

This  operation  generates  the  partial  sura  and  the  carry  of  two 
digits  of  signed  digit  numbers.  The  partial  sum  digits  arc  defined 
in  Table  C-1  and  the  carry  digits  arc  defined  in  Table  C-2 . 

(b)  Operation® 

Tills  operation  generates  the  true  sum  digits  of  partial  sum  and 
the  addition  carry,  and  is  defined  in  Table  C-3. 

(c)  Operation  (K) 

This  operation  generates  the  negative  digits  of  signed  digits, 
and  is  defined  in  Table  C-4. 
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b.  Fundamental  Operations  for  Multiplication 

In  addition  to  the  fundamental  operations  for  addition  and  1 

subtraction,  the  multiplication  needs  the  fundamental  operation  ® 
to  generate  the  product  of  two  digits.  The  fundamental  operation® 
generates  the  partial  product  digit  and  the  multiplication  carry 

, I 

digit  of  two  signed  digits.  The  true  product  digits  are  the  sum  ; 

of  the  partial  product  digits  and  multiplication  carry  digits  shifted  • I 

one  position.  The  partial  product  digits  are  defined  in  Table  C-5,  | 

and  the  multiplication  caihry  digits  are  defined  in  Table  C-6.  I 


i 


t 
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Table  C-5  Partial  Product  Digits  of  Operation  (g) for  a Decimal  Signed  Digit 
Number  System 


5 


6 


7 


r 


I 


-7 

-6 

-5 

-4 

-3 

-2 

-1 

0 

1 

2 

3 

4 

5 

6 

7 

-7 

5 

B 

B 

3 

2 

B 

B 

0 

B 

B 

-2 

B 

-5 

-6 

4 

fl 

3 

2 

2 

D 

B 

B 

B 

B 

-2 

-2 

-3 

D 

B 

“5, 

3 

3 

2 

2 

B 

B 

0 

0 

0 

B 

B 

-2 

-2 

-3 

-3 

3 

2 

2 

B 

B 

0 

B 

B 

B 

B 

‘2 

-2 

-3 

1 

2 

2 

B 

B 

B 

B 

0 

B 

B 

a 

B 

B 

B 

-2 

-2 

-2 

1 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

-1 

D 

B 

0 

0 

0 

0 

0 

0 

B 

0 

0 

0 

0 

-1 

-1 

0 

0 

0 

0 

0 

B 

0 

B 

B 

B 

0 

0 

0 

0 

0 

0 

1 

D 

B 

0 

0 

B 

B 

B 

B 

B 

0 

B 

fl 

2 

D 

B 

B 

-1 

-1 

B 

0 

B 

B 

0 

B 

B 

B 

B 

fl 

3 

-2 

-2 

B 

-1 

-1 

-1 

. 

0 

0 

B 

B 

B 

B 

]. 

2 

2 

4 

-3 

-2 

-2 

-2 

-1 

-1 

B 

B 

B 

B 

B 

2 

2 

2 

3 

5 

-3 

-3 

-2 

-2 

-B 

“1 

B 

B 

B 

B 

B 

2 

2 

3 1 3 

6 

D 

B 

-3 

-2 

-2 

B 

a 

fl 

B 

B 

2 

2 

3 

BB 

7 

-5 

-4 

LiL 

“2 

-2  J -1 

1 

'1 

0 

1 

1 

2 

3 

3 

4 

5 

*1  ® Bj  - r 

Table  C-6  Multiplication  Carry  Digits  of  Operation  (g)  for  a Decimal  Signed 
Digit  Number  System 
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C.  Fundarr.ciutal  Operations  for  Division 

Table  C-7  to  C-16,  these  ten  tables  define  all  the  operations 
whlch  arc  i\s.ed  in  the  division  algorithm.  The  logic  functions  of 
these  fundamental  operations  are  shovm  in  the  following  tables. 


1 

0 

-1 

-1 

-1 

-1 

-1 

X^;  0 

0 

-1 

1 

1 

1 

CMJ; 


Tabic  C-8  Definition  of  Operation  CMB  foi  a Decimal  Signed  Digit  Nuruber 
System 


-1 

0 

1 


= DNEG 


Table  C-9  Definition  of  Operation  DNEG  for  a Decimal  Signed  Digit 
Number  System 


i 

-1 

0 

1 


= DNZR 


Table  C-10  Definition  of  Operation  DNZR  for  a Decimal  Signed  Digit 
Number  System 
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Table  C-11  Definition  of  Operation  CMPRA  for  a Decimal  Signed  Digit 
Number  System 


Table  C-12  Definition  of  Operation  CMPRB  for  a Decimal  Signed  Digit 
Number  System 


Table  C-13  Definition  of  Operation  TRPM  for  a Decimal  Signed  Digit 
Number  System 


APri'NDiy  P API.  POCTMrn'I'ATION  OF  'niE  I)EC1H\L  STr.NED  DIGIT  ARITHMETIC 
OPERATIONS 

The  slgnccl  digit  arithmetic  operations  are  documented  by  APL 
iunctlons.  Each  word  is  assumed  of  length  eight  digits.  The 
documentation  programs  are  listed.  Every  operation  shown  in  the  APL 
documentation  corresponds  to  one  machine  instruction  in  the  proposed 
STARAN-like  system. 
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v/inzjccn]  V 

V ADDC  Y 

[1]  n FUllCTIOVAL  DEFCP.IPTIOV  OF  FVFDAE^FtlTAL  OPEPATIOV 

[2]  n OUTPUT  IS  THE  SUM  OF  TWO  IHPUTS 

[3]  Z-^X+Y 

V 


» 


E::amplo  1 of  Diiyit.  AdcMtinn 

SDADD 

EIITER  A EIGHT  DIGITS  DICDED  DIGIT  ADDEND: 

□ : 

02473  5 4 7 

ENTER  A EIGHT  DIGITS  SIGNED  PIGi:^  ADDER: 

□ : 

2 “7  7 “G  1 “4  25 

SUN : 

2“4  11104‘2 


Examp]  c 2 of  Sx^pied  Djr.lt:  AdcMt  Icn 
SDADD 

ENTER  A EIGNT  DIGITS  SIGNED  DIGIT  ADDEND: 

□ : 

0 2 “5  "7  4 7 0 1 

ENTER  A EIGNT  DIGITS  SIGNED  DIGIT  ADDER: 

□ : 

0 “7  “5  ~1  4 2 2 6 

SUM: 

0 *6  “l  3 ~1  “1  3 "3 


B.  ATL  Docunientation  of  Signed  Dlr.lt  Subtraction 

75D.9i/3Cn]  V 

V SDGUD 

[1]  lO 

[2]  ^UUTF.n  A EinFT  DIGITS  SIGHED  DIGIT  SUBTRAMEND:* 

[3]  X^SUnTIiAHSKD-^^ 

[4]  lO 

[5]  ^EUTER  A EIGHT  DIGITS  SIGHED  DIGIT  MTUVEND:' 

[6]  y-i-HEGATIOR  MIf/rfERD->-U 

[7]  ft  GET  THE  NEGATIVE  VALUE  OF  VIEUEfiD 

[0]  lO 

[9]  ft  THE  FOLLOVING  ^IS  TEE  SIGNED  DTGI'^  ADDITinu 

[10]  Z^X  ADDl  y 

[11]  X^X  ADP2  Y 

[12]  y■^-l•^y,o 

[13]  .Y-*-y  APPC  Z 

[14]  'DlFFErEECE:^ 

[15]  []*-DIFF^X 

V 


Operation  @ 

V/1DZ)1[(J]  V 

V z-*-x  ADDl  y 

[1]  n FUllDAEFNTAL  OPERATION  TO  GE71EPATE  THE  PAPTIAL  SIJ" 

[2]  OF  X AND  Y 

[3]  s-«-(;:+y)-((((.Y+y)>5)-((.Y+r)<~5))xio) 

V 


7>lZ732[n]  V 

V U-<rX  ADD2  Y 

[1]  ft  FUNDAUENTAL  OPERATION  TO  GENERATE  THE  CARRY  DIGIT 

[2]  ft  OF  .Y  AND  Y 

[3]  f/^((X+y)>5)-(  (Z+.Y)<"5) 

V 
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Example  1 of  njr.H  Subtraction 

SDSUB 

EVTER  A EIGHT  DIGITS  SIGHED  DIGIT  SUSTPAHEDD : 
Ui 

22  "5  31  744 

EDTEH  a eight  digits  signed  digit  HirUEHDi 

n: 

7 3 ”7  1 1 "4  3 “4 

DI FEE RE DCS : 

“5  "1  2 ”4  0 "3  2 ~2 


Example  2 of  SJ^^ned  Digit  Subtraction 
SDSUB 

EUTER  A eight  DIGITS  SIGHED  DIGIT  SUBTPAEEE.D 

□ ; 

24  "7  322  15 

EUTER  A EIGHT  DIGITS  SIGHED  DIGIT  UIUUEUD: 

□ : 

"l  3 3 5 4 "3  "7  3 
DIFFEREUCE : 

3 0 0 "2  “2  6 “4  2 


i 


r 
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V sDHur. 

[I]  lO 

[?1  'FIfTrn  A FIG"?  DIGITS  SIGi’FD  DIGIT  FULTIPLIGAFl)  i ' 

[3]  HULlJD^-n 

[4]  lO 

[f)]  'E;!Trn  /[  EIGHT  DIGITS  SIGHED  DIGIT  I'.ULTIDLI^P  \ ' 

[6]  iwLF.n^r: 

[71  lO 

[8]  I<-Q 

[9]  .Y-lBpO 

[10]  L /. : y-<-  ( >:  p 0 ) , ■ ' ui  ::n 

[II]  I IS  T''S  F'JL'^  ^T‘I^  G ^ ‘'D 

[12]  ( C 0 0 ) , 8 oHUL  ■’.7 [ J 1 

[13]  nS  IS  THS  PROI/iGATro  OHS  DIGIT  ^^UITIPLI^'H 

[14]  ir<-I  SDilPH.  7. 

[15]  u V IS  THE  PAPSTIAL  PRODUCT 

[16]  7*-!  SDDP2  Z 

[17]  fl2  IS  TUT  MULTIPLICATIOy  GAPPY 

[18]  2^-142 

[19]  ft  S>’IFT  TUP  CAPRY 

[20]  ft  FPXT  FOUR  STATF.RF.HTS  ADD  TRF  PARTIAL  PRODUCT 

[21]  Y-^X  AUDI  W 

[22]  X*-X  ADD2  V 

[23]  ^Y-el4A' 

[24]  ADDC  Y 

[25]  ft  RFXT  FOUR  S'^ATTHEr'^S  ADD  '^HF  f'UL'^I'^LICATIOH  CA^p'' 

[26]  Y<-X  ADDl  Z 

[27]  X<-X  ADD 2 Z 

[28]  X-<-l(^X 

[29]  X<-X  ADDC  Y 

[30]  X^~1<^X 

[31]  I*<-J-l 

[32]  i ( J>0) 

[33]  X-<-“04.Y 

[34]  ^PRODUCT:' 

[35]  IWPRO-^-X 

V 


1 


Oporatjon 


7 

V5DPP1  r [33  7 

Z-^X  SDPP^  Y\P\P1\P? 

[13 

n FUPnAl'FPTAL  OPPPATIOU  TO  GPPFPATF.  TUP  PAPTIAL 

[2] 

n PRODUCT  OF  X ADD  Y 

[3] 

P^X.y-  Y 

> 

[4] 

P1-<  (P>0  )xP 

[b] 

P2-<-(P<0)xP 

1 

[63 

Pl-^1  0 |P1 

« 

[73 

P2<-{  (P<0)x~10  )+l  0 IP2 

[63 

Pl^-(  ( >S  )x"i  0 ) + Pl 

[93 

P2'^((P2<~5)xlO)  + P2 

[103 

7 

2<-PltP2 

7 

7SP:7P2[n3  V 

Z*-}:  SP’^P?.  y;P;Pl;P2 

[13 

PI  FUFPAifFFTAL  OPPPATIOJ^  TO  CFDPPATP  TUP 

[23 

n CAPPY  OF  X APD  Y 

[33 

P^Xy~Y 

■A 

[43 

Pl-*-(p>o)xp 

[53 

P2-^(P<  0 ) xp 

[63 

PI -<-10  IPI 

- 

[73 

P2-<-((P<0)x"lO)  + 10  |P2 

[83 

Pl-<-((Pl>5)x~10)  + ?l 

[93 

P2-^-(  (P2<"5)xl0)  + P2 

[103 

Z-<-(P-  (P1■^P2  ) )vl0 

V 


Operation  C|) 

V/i/)Z)(7[n]  V 
7 Z<-X  AD  DC  Y 

[1]  n FUr.CTIOI'AL  Dr’^CP.IPCIOD  OF  FUPD/”'''P'^Ar,  OPpPATJO’- 

[2]  PI  OUTPUT  IS  THE  SUI1  OF  TPO  IV.PUTS 

[ 3 ] 2f-A'+  y 

7 


i 

I 


Operation  I 


7>1Z?D1[D]7 
7 Z^X  ADDl  Y 

n FUNDAMENTAL  OPERATION  TO  GENERATE  THE  PARTIAL  SUM 
ft  OF  X AND  Y 

z-»-(A'+y)-(  ( ( (x+y)>5)-(  (y+y)<  5)  )xio) 

V 


V/1DD2CDJV 
V W->rX  ADD2  Y 

ft  FUNDAMENTAL  OPERATION  TO  GENERATE  THE  CARRY  DIGIT 

ft  OF  X AND  Y 

[v'-i-i  I y + y)>5)-(  u-ty 
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Example  1 of  Signed  Digit  Multiplication 


SDMUL 

ENTER  A EIGHT  DIGITS  SIGNED  DIGIT  MULTIPLICAND'. 
1 537  5323 

ENTER  A EIGHT  DIGITS  SIGNED  DIGIT  MULTIPLIER: 

□ : 

023  7 20  13 

PRODUCT: 

00120  54  1021  l"3  3 

4 1 


Example  2 of  Signed  Digit  Multiplication 


SDMUL 

ENTER  A EIGHT  DIGITS  SIGNED  DIGIT  MULTIPLICAND-. 
2 ~4  7 7 4 “3  15 

ENTER  A EIGHT  DIGITS  SIGNED  DIGIT  MULTIPLIER: 

□ : 

2 73  35712 

PRODUCT: 

0 3_"331  3 23~3  320  4 

2 4 0 
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I).  APL  Dnriirr3nt~at3'o'.i  of  Slpien  HJfyi.t:  Djvi foU’rj. 


vr>ui)ivv:m 

V SDDIV 
Cl]  lO 

C2]  'r.HTER  A RjnUT  1)10173  SIGN}- 1)  DIGIT  DIVIDEND:' 

[3]  DIVIDEiiD^-U 
CU]  lO 

[5]  ^EUTKR  A EIGHT  D 1 0173  GIGGED  DIGIT  DIVIGO^i' 

CG]  DIVlGOR-<-'y 
C 7 ] i 0 

[0]  X-'-i^on)  ,DIVIDEHD 

[3] 

[10]  !)Vr:Hi)-<-X 

ril]  I-^-DIVlGOi;  ,GnC) 

[12]  D/EOR*-! 

[13]  niJOT-<rlV>:y0 

[14]  f;  get  initial  /ALUE  OF  lUOTTENT  TO  ZERO 

[15]  COUNTER^-ii 

[IG]  n THE  FOLLO'-.ING  DETERUIHE  TO  ADD  OR  TO  SUBTRACT 
[17]  n THE  DIJI30H  TO  OR  FROE  DIVIDEND 
[13]  /7-<-lGol 

[19]  GoO 

[20]  Z-i-DVEJD 

[21]  X^DETNZn  Z 

[22]  (^FUNDAE.ENTAL  OPERATION  IN  HICR0-PR0CE330RS 

[23]  ->2.7x1  ( + /,Y=0)=15 

[24]  ft  BRANCH  OUT  IF  THE  DIVIDEND  IS  ZERO 

[25]  X-<rDETECTlON  Z 

[2G]  ft  THIS  SUBROUTINE  USES  RESPONSE  STORE  REGISTER  V 

[27]  Z^DVSOR 

[28]  I^DETECTION  Z 

[29]  ft  THIS  SUBROUTINE  USES  RESPONSE  STORE  REGISTER  V 

[30]  X<-'A  CNPRA  '1 

[31]  A'f-/xi,i5o0 

[32]  KS-i-.Y 

[33]  'l-*-O.UOT 

[34.1  !'■«-/  AUDC  X 

[35]  QU0T->rI 

[36]  Z>-(3p/[1]1,8o0 

[37]  Z*-NEGATIOH  Z 
[3b]  X^D V30R 

[39]  X^X  MULPP  Z 

[40]  DV50ni-<^X 
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' ■{ 


[41] 

[42] 

[43] 

[44] 

[45] 
[4  5] 
[47] 
[4  3] 
[43] 

[50] 

[51] 

[52] 

[53] 
[ 54] 
[551 
[56] 
[571 
[ 53] 
[59] 
[ 50  ] 
[Gl] 
[62] 

[63] 

[64] 

[65] 
[56] 
[67] 
[63] 

[69] 

[70] 

[71] 

[72] 

[73] 

[74] 
[751 
[751 
[77] 
[7  3] 

[79] 

[80] 


ADD  Oli  SUBTRACT  DIVI30D  TO  OR 

FOLLO:'i;;a  DTATEirDJTO  UNTIL 


FROM  DIVIDr.IW 
THE  Sinn  OF 


n IN  Til 
f\  DIVIDEND  IE  CHAIIGED 
LP:T->-V7 
X^DVEORl 
X<  'I  EEL  E OT  X 
D VEO II  l-*-X 
Z*-DVSND 

X-^X  EELECIZR  Z 

DVEND2<-X 

Z*-DVEUD1 

X->-I  EELFCTZU  7. 

DVEND2-^X 
Z*-D  VEND 
X*-I  EELECT  7, 

DVEND^X 

DVENDl^DVEND  ADDITION  VV70R\ 

DVENDX-^DVEND  ADDITION  DVEJIDZ 
DVE:1D<-DVEND  ADDITION  DVEED2 
X^D VEND 
I^DETECTION  X 

H TRIE  SUBROUTINE  USEE  REEPJNSS  STORE  REGISTER  U 

■/4-<-/ 

Z->-DVENDl 
X->-JETECTI0N  Z 

n TNIE  SUBROUTINE  USES  RESPONSE  STORE  REGISTER  N 

V 5'‘'Z 

X^I  C.IPNB  X 

i<-trf:-i  X 

jTf/xl.lSoO 
n :i  A3  XING  OPERATION 

X*-X  y- 1 , 1 5 o 3 

PI  OASXING  ui'Eti/iTION 

'J^*-X 

->//Lpxi  ( + /2:=1)  = 1 

n BRANCN  I^  THE  SIGNED  OF  DIVIDEND  CHANGED 
7-^(  GDj:'[  1 ] ) , 8o  0 

VI  <-1 

X-rDVENDll  \ 3 ] .i>7r;.'p[  8 + i G 1 
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[ai]  J7£:w^-x 

\ [32]  -'t-lGoO 

[83]  DVXilDl-*  IcnO 
, [3't] 

[85]  .U-.rjOT 

■j  , [80]  :/<>'/  ADDC  Z 

[87] 

[88]  -^LP 

[83]  PI  POLLO  ’HIu  PTAT^HPUPS  ADJUPP  THE  DIVIDTIID  IF  THE 
[90]  n D 17 IEOH  IE  OVER  ADDED  OH  EU3THACTED 
[31]  iJLP:X->ry'4 

[92]  »(  8r)Z[  1 ] » , OoO 

[93]  y-<-/5 

LOU]  /-<-(  3oY[l]),8r)n 
[35]  ?.--D7E:1D 

[96]  Z^Z  EJLPP  X 

I [O?]  Z-'-Z>«(3ol],8o0 

i [93]  PI  nAExina  OP  EH  AT  ion 

[33]  DVE.JDl^Z 
[100]  .7-I3/2;;/.)l 
[191]  ‘A- .7  riULPP  i 
. [102]  iZ-t-r/x  ( 3ol  > , 3o  0 

[103]  P-^uEEATIOH  .7 

[104]  OVEHDZ-^H 

[105]  DIFF^DVEHDl  ADDITIOH  DVP:1D3 

[106]  PI  THIS  EUHHOUTIHE  USES  THE  RBEPOHSE  STORE 

[107]  n HEGIETEH  A'.  7 4/723  Z 
[103]  Z^DIFF 

[109]  I^DETHEG  Z 

[110]  73-<-7 

[111]  X<-V2 

[112]  7-^-A  IIULPP  7 

[113]  I -^H  EG  AT  I on  7 

[114]  X<-rJOT 

[115]  A^A  ADDC  7 

[116]  DUOT^X 

[117]  A-i-yo 

[118]  A-i-C  BoA[l]  3 , 8o0 

[119]  ’/3-^A 

[120]  T^DVEOHl 


Suhroxitirif'  DinTi  I'fON 


vDE?r:cTro:i[. 

7 Z*-:jETEC2'I01J  X 

Cl]  Cl'lTR^ii 

[2]  Z-^lGriO 

[3]  U^-DTC  X 

[4]  /:Z-<-Z  C!1iR  ^/ 

C5] 

[Gl  C:iTR<Cn'!'R~\ 

[71  ■*A^\{C’lTn>^\ 

[Gj  Z-^Zx(  1 .I5o0) 

V 


Subroutine  DETKEG 


'7DETNXGlt']'i7 

7 X-^rDXTNEG  1 

Cl] 

X*-DETECTION  I 

C2] 

X-^DNEC.  X 

7 

Subroutine  DETNZR 

7Z)fiT;VZ,?C'.i:|7 

7 Z-^DETNZR  X 

Cl] 

Z^DETECTIOn  X 

C2] 

Z-^-DirZR  z 

7 

Subroutine  ADDITION 

VADDITIOl}V^^R 
7 3UM*-A  ADDITION  3 
C 1 ] X*-A 

[ 2 ] I <-3 

[3]  Z*-X  ADDl  y 

[4]  y->-x  ADD2  y 

[5] 

[6]  X-^y  ADDC  Z 

C 7 ] sun^x 

7 
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Opc^ration  TRFK 

VTIiPMiQ]^ 

V z-*-trp:i  X 
Cl]  z«'-(.v  = 0l- (A'--l ) 
7 


Operatilon  T)TG 

1DTC\.UV1 

V Y-t-DTC  X 

[1]  y-f-(.Y>3)-  (/<0’1 

[ 2 1 ( 8d  1 ) , fto  0 

V 


Opr.rat'lon  Og 

VC/’/ilCOlV 

V X^Z  CH3  .V 

[1]  A-^(  (Z  = l ]-(S  = "l  ] >+{^  = 0 )><?/ 

V 


Operation  BNEO 

7Z);;ZG[iJ]7 

V yt-DPXG  X 

[1]  y^-A="i 

V 


Opcrat ion  DNZR 


VDUZnZ J17 
V y^-DXZR  X 
Cl]  :''-^(A  = l WA'r:"! 

7 


Oi>erntlon  CM?i;a 


VC//P/MCJT7 

V Z*-X  CAl’RA  Y 

[1]  Z-'-C  {A'xJ)>o)-(JxJ)<0 

V 


Opernt  :lon  CMPRB 


VC/./PPPCGlV 

V z-^-x  cnrun  y 

[1]  z*-{  (;f:^"i^A(y>onv(A>o>Ay=~i 

V 


Operation  @ 


7/lP.71[J]V 
7 z^x  AUDI  y 

[1]  n FUXDAny.UTAL  O’^HRATIOll  TO  GENERATE  THE  PARTIAL  SUE 

[2]  Pi  07  X AND  Y 

[3]  2-^(;!:  + y^-((((.Y+7)>5)-  (y+7)<'5  V)X10) 


VADD2LJ1V  , 

V .4z;p2  y 

Cl]  ft  OPERATION  TO  GENERATE  THE  CARRY  DIGIT 

[2]  ft  OF  X AND  7 

[3]  •7-^((7+7)>5)-((;s:+7)<“5) 

V 


Operation  @ 

VADDCZ'MN 
V Z^X  AD DC  Y 

Cl]  ft  FUNCTIONAL  DESCRIPTION  OF  FUNDAMENTAL  OPERATION 
C2]  ft  OUTPUT  IS  THE  SUM  OF  TNQ  INPUTS 
C3]  2-<-A'+7 

7 
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AVTB^mx  r r;>:r.c:uT)o:;  timi;.';  ant)  rnocF.asjKn  rate;;  of  tuj:  nix?-))  i-ode 
0PEllM'10r:S  AMI  A DECIMAL  f^lCKED  DirTT  ARITiU-i.-TIC 

OPi:k\Tio::f: 

The  execution  tiiuc^-  if  tAu:  dc-ci)i'...l  siRin/d  di;;it  arllTiiiictic  for 
e.lght;-dis;lt  number  system  ircn-  e.stiu,  ti  I i-n  tUo  Modified  S'AilAM  sysieui 
by  astumiing  chat  th(?  funclaracnt;.  J oi'-  i'iit  lou  stjccJ  in  the  connected 
mlcro-pi-ocessors  j.j;  about  tlic  sane  as  S ’t;  men, -ry  store  cycle 

tine.  These  operation  speeiir  are  cciupa'red  VTith  the.  in.i.xed  mode  eperationt 
in  Chapter  2 and  are  listed  in  TaJhe  E-] , E-2  and  E-3. 
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Tabic  r.-l  Execution  Tiirier.  and  rrocet:sing  Rates  for  Addition/  Subtraction 
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i 


Mixed  Mode  Operations 

(2's  Complement) 

1 Signed  Digit  Operations 
j (Decimal  Signed  Digit) 

No.  of  Operation'. 

to  be  processed 

Execution 

Time 

( n-sec.) 

Proces!.  i.np, 

Ra  t e 

( op./s“c.) 

Execution 

Time 

( p-sec.) 

Proce.ssiug 

Rate 

( op. /sec.) 

1 

182 

5.. 50  X 3 0-3 

2. 3 

4.35  X lo'^ 

2 

206 

0:73  X 3o3  ! 

i 

23 

8.70  X 10 

2^ 

225 

1 

1.78  X 10^  1 

23 

1.74  X 10^ 

2.3 

236 

3.39  X 10^ 

23 

3.48  X 10-'’ 

2^ 

245 

[ 

6.53  X lO*^ 

23 

6.96  X 10^ 

1 

m 

i 

254 

1.26  X 10^ 

23 

1.39  X 10^ 

2^ 

263 

2.43  X 10^ 

23 

2.78  y 10^ 

2^ 

272 

4.71  X 30^ 

23 

5.57  X 10^ 

2» 

544 

4.71  X 30^ 

46 

5.57  X 10^ 

2^ 

1088 

4.71  X .10^ 

92 

5.57  X 10^ 

i 

1 

2176 

4.71  X 10^ 

184 

5.57  X 10^ 

2^1 

1 

4.352 

4.71  X 10^ 

368 

5.57  X 10^ 

2^2 

8704 

4.71  X 10^ 

736 

5.57  X 10^ 

213 

17408 

4.71  X 10^ 

1472 

5.57  X 10^ 

Tabic  E-2  Execution  Time  and  Processing  Rates  for  Multiplication 
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Mdxc'd  Mocio  Oppr.it  iont; 
(2's  Conipl.CTC'nt) 


Sj.p.ned  Ojpi.t  Opera  t Ion?: 
(Decimal  SiRnocl  Dipit) 


No.  of  Operations 
to  be  processed 


Executi on 
Time 

( p-scc.) 

Processing 

Kate 

( op. /sec.) 

Execution 

Time 

( p-sec.) 

Processing 

Kate 

( op. /sec.) 

545 

1.84  X 10^ 

380 

2.63  X 10^ 

1 

643 

3.11  X 10^ 

384 

5.21  X lo”^ 

723 

5.53  X 10^ 

387 

1.03  X 10^ 

817 

9.79  X 10^ 

390 

2.05  X 10^' 

897 

1.78  X lO'’* 

394 

4.06  X 10^ 

978 

3.27  X 10^ 

397 

8.06  X 10^ 

1059 

6.04  X 10^ 

401 

1.59  X 10^ 

1140 

1.12  X 10^ 

406 

3.15  X 10-'’ 

2280 

1.12  X 10- 

812 

3.15  X 10^ 

4560 

1.12  X 10  '^ 

1624 

3.15  X 10^ 

9120 

1.12  X 10^ 

3248 

3.15  X 10^ 

18240 

1.12  X 10^ 

(\9e 

1 

3.15  X 10^ 

1 

36480 

1.12  X 10^ 

12992 

3.15  X 10^ 

72960 

1.12  X 10^ 

25984 

3.15  X 10^ 

Table  E-3  Execution  TiTitcr.  and  Processing  R.'-tes  for  Division 


I 

I 
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